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PREFACE 


This text is written with the conviction that psychology can 
best be approached under experimental conditions afforded by 
a laboratory equipped and set apart for such purposes. This 
position should hardly need emphasis, and will readily be ad- 
mitted by all psychologists, yet there are very few such introduc- 
tory laboratory courses. It appears, however, that psychology 
has made notable achievements and has justified its right to be 
classed as a science only as it has adopted the methods and pro- 
cedure of the experimental sciences. It would seem, then, that 
the methods and technique used in discovering the laws of 
psychology should, when properly adapted, be most serviceable 
for teaching them. Moreover, psychology now has its own 
methods, technique, and apparatus, which have become so 
manifold, so simplified, and so standardized that it has for some 
time been possible to assemble, organize, and adapt a course 
of elementary experiments adequate for an introductory study 
of mind. 

The present laboratory manual has been planned and arranged 
with the belief that while students are learning the fundamental 
laws of the science they should have ample opportunity to ob- 
serve the continuity in its development, that such a course is 
not only logical and practicable, but is as necessary to under- 
standing the science as are similar courses in chemistry, biology, 
and physics in their respective fields. It is based upon many 
years of experience, in which we have carefully tried out the 
experiments given. Naturally not all the experiments given 
here could be used in a circumscribed introductory course, but 
the number has purposely been made large so that selection 
may be possible. 

The student is directed and encouraged to refer to the sources 
and to check his own work with the results of the pioneers and 


founders of the science. To this end we have freely drawn from 
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many sources, to which due reference is made in every instance. 
The carefully prepared texts and papers of E. B. Titchener have 
frequently served as models. The pioneer work of the late 
Edmund C. Sanford pointed the way in preparing laboratory 
exercises in sensation and perception. In common with present 
students of mind we are immeasurably indebted to the earliest 
teacher of one of us, William James. In this group of scientists 
whose teachings and writings have very materially aided us we 
desire to include Professor Knight Dunlap. 

We are very grateful to Professor Donald A. Laird for read- 
ing the first draft of the manuscript and for making fruitful 
suggestions, to President Henry T. Moore for his advice and 
helpful comments upon several chapters, and to the authors 
here named for kindly permission to quote from their writ- 
ings and to adapt certain of their experiments: Max F. Meyer, 
W.B. Pillsbury, Daniel Starch, E. L. Thorndike, E. B. Titch- 
ener, Lightner Witmer, and Margaret Floy Washburn. To our 
publishers, Ginn and Company, we are greatly indebted for sug- 
gestions adding to the usefulness of the book as a laboratory 
manual. The publishers who have kindly granted us permission 
to use quotations or modify and adapt certain experiments to har- 
monize with the plan of the text are R. G. Adams & Company, 
The Century Company, Harcourt, Brace and Company, Harper 
& Brothers, Houghton Mifflin Company, Henry Holt and Com- 
pany, Alfred A. Knopf, Inc., The Macmillan Company, The 
C. V. Mosby Company, Psychological Review Company, War- 
wick and York, Inc., University Tutorial Press, Ltd., and The 
Williams and Wilkins Company. In each of such cases credit is 
given in the body of the text or in a footnote. } 

It is a pleasure to acknowledge the service and coédperation 
of Elizabeth A. Moshier, Department of Fine Arts, Skidmore 
College, and of H. B. Settle, photographer, in preparing most 
of the figures and also of C. H. Stoelting Company for per- 
mission to use photographs of their instruments. 
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CHAPTER I 


INTRODUCTION 


The student of a science should become familiar at the outset 
with the assumptions, general premises, and types of reasoning 
involved in its investigations and in the formulation of its laws 
and principles. Such considerations need be neither pretentious 
nor complex, but should be sufficient to make clear the founda- 
tions, the scope, and the limitations of the science in question. 

The aim of science in general is to discover and classify facts— ., 
facts about objects, facts about processes, facts about relations, 
and facts about conditions —in order to detect their sequence 
and causal connections. This aim rests on the assumption that 
nature is uniform in her operations, meaning by this that from 
a given set of conditions a predictable group of facts will occur. 
The key, then, to the facts of a science is to be found in the | 
interplay between the phenomena, or the objects or the forces 
being studied, and the governing conditions. The conditions 
may be wholly or partly controlled or, in a few sciences like 
astronomy and meteorology, entirely uncontrolled. Wherever 
the conditions are wholly or partly controllable, it is possible 
to produce the same facts or occurrences at pleasure, thereby 
contributing immensely to the development of the sciences and 
facilitating the teaching art. 

It is generally agreed that experimentation consists in the 
operations involved in controlling the conditions and in the 
observations made on the interaction between conditions and 
the processes or things being investigated. Such experimenta- 

* tion is usually first encountered in the laboratories of chemistry, 
physics, and biology. A simple example of the sort may be 
iL: 
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seen in the botanist’s control of conditions so as to bring out 
in bold relief the responses of roots and stems of developing 
seedlings to the stimulus of gravity. He does this by placing 
the roots of the seedlings in a constantly changing position, so 
that the stimulating influence of gravity is neutralized and does 
not act for a long enough time in one direction upon the sense 
organ in the root tip to accumulate a sufficient amount of 
excitation from the stimulus. The seedlings are pinned in 
various positions upon an upright, slowly revolving wheel and 
kept moist by dripping water. Under these conditions the roots 
and stems will continue to elongate in the same direction in 
which they are placed. Such an experiment shows the direct 
relation between the control of conditions and the sequence of 
facts essential to an explanation of the behavior of roots and 
stems under the influence of gravity. Knowing the invariable 
behavior of roots and stems under given conditions, the botanist 
expresses the fact in a general statement, or law, which forms the 
ultimate object of his quest. The fact that the conditions of an 
experiment may be controlled and varied furnishes a means by 
which a law may be confirmed, modified, or completely refuted. 

The facts of psychology rest upon the same universal assump- 
tions as those of the other sciences with respect to the uniformity 
and regularity of nature, and as a consequence the psychologist 
makes the special deduction that uniform psychophysical be- 
havior occurs under similar conditions. The purpose of a psy- 
chological experiment is to devise and to control the conditions 
governing psychophysical responses and from the nature and 
relationships perceived in the latter to infer the laws of human 
behavior. Such is even the empirical practice of everyday life: 
one predicts the usual responses to the bite of a mosquito, to a 
_ clap of thunder, to a hearty laugh. In fact, the possibility of the 
- science of psychology rests on the assumption that human 
behavior is explainable, controllable, and predictable. 

It is highly desirable that the student early become imbued 
with the ideal that he is in search of laws of human behavior 
and that these laws, when arranged in proper order, in their” 
totality constitute the science of psychology. : 


INTRODUCTION 3 


Human behavior involves four interrelated factors: (1) con- 
ditions including stimuli, (2) mechanisms and powers, (8) re- 
sponses, and (4) results, or effects. Condztions (the word is used 
here generically) include all those of a specific character, as phys- 
ical surroundings, social relations, problems (conceived as dif- 
ficulties, obstacles, and tasks to be changed into simpler terms 
and forms for thinking about or acting upon), and also stimuli, 
as ether vibrations, radiant energy, and chemical substances. 
Mechanisms and powers are the means for making responses 
and include sense organs and nervous, muscular, glandular, and 
vascular tissues organized into functional structures operating 
as related parts of a psychophysical individual. Responses con- 
sist of the changes and actions, overt and implicit, set up in the 
organism by either stimulus, conditions, or problems, or any two 
or all three combined acting upon the individual. The results, or 
effects, of a psychophysical response are of two types: (1) effects 
produced in the individual by virtue of the response; (2) those 
produced on objects and processes. Upon the first type de- 
pend all habit formation, all feeling, all learning and knowl- 
edge, and upon the second all art, industry, and the like. This 
text seeks to emphasize each of the four factors in due propor- 
tion, ranking the second — mechanisms and powers — as the 
chief object of psychology, and the third — responses — as a 
revelation of the second. Of course the anatomy and phys- 
iology of man as related to psychology receive no formal con- 
sideration here. The student is referred to standard works on 
physiological psychology for such study. 

Conditions and stimuli are considered only as far as they aid 
in the explanation of the responses .and their effects. But it 
must be observed that there are many conditions to which man 
responds that are not as yet amenable to experimental pro- 
cedure of an exact sort. The conditions provoking complex 
social processes, graver emotions, and strong passions must 
still be studied under chance conditions. Here the student of 
human behavior meets one of the limitations of the science and 
must perforce rely on fortuitous observations and upon anal- 
ogies furnished by the study of lower animals. 
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Perhaps no part of a student’s formal school work makes a 
more direct and persistent challenge to his mental integrity, 
his industry and habits of work, his nobility of purpose and 
sense of honor than the requirements inherent in laboratory con- 
ditions and methods of learning. But these very conditions and 
methods may produce malingering responses. Self-deception, 
easy satisfaction, and loose thinking may develop. Not only to 
avert such pitfalls and initial difficulties but far more to cultivate 
systematic methods and habits in experimental observation, a 
detailed account is given below for performing an experiment 
and for reporting and interpreting the results thereof. 


THE EXPERIMENT 


Meaning. In general an experiment is a critical observation 
made under standard conditions. In particular a psychological 
experiment consists of critical observations made under stand- 
ard conditions on the reactions of an individual or of a group 
to a prearranged set of conditions: The character of the con- 
ditions may be of many kinds, and in all cases must be sus- 
ceptible to control in whole or in part and capable of being 
repeated; they may be very simple or very complex. And in 
any and all cases the validity of the results will depend upon a 
strict adherence to the methods and conditions. 

Purpose. The purpose of an experiment, like directions to a 
place, needs to be understood to perform a guiding function ; 
its title may or may not indicate the purpose, and in the latter 
case the purpose must be explicitly stated. It is often helpful 
to re-read the procedure, results, and conclusions of preceding 
experiments, if related to the problem in question, to clarify 
the purpose. Before beginning work on an extended experiment, 
representative texts should be consulted and supplemented by — 
discussion, and in any event an experiment should not be — 
attempted until its object is understood. 

Material. A detailed statement of the material should always 
be given, and if a description of apparatus is necessary, it should 
be so made as to enable others to perform the experiment with 
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similar means. If the apparatus is more or less complex, or 
consists of several pieces, it should be represented by a drawing 
duly labeled; it should be borne in mind that an unlabeled 
drawing has no value whatever in scientific work. A verbal 
description of even a simple apparatus is a valuable exercise. 

Procedure. Usually the text will give the essentials of the 
procedure, but local conditions and other features may necessi- 
tate more or less of a departure. The procedure may be of three 
kinds: In one only the subject’s part in the experiment is con- 
sidered. For example, the subject is alone, without apparatus, 
and wishes to study the type and content of his memory images; 
he tries to recall in order the first five presidents of the United 
States; he observes his efforts to get the imagery, and notes 
the quality and content of the imagery as it appears. The 
student is here both subject and experimenter. The second 
kind of procedure usually requires a description of the appa- 
ratus and how to use it. For example, the student wishes to 
demonstrate for himself the effect that converging the eyes 
on a2 near object has on the appearance of a distant one in 
the same line of sight and records the procedure after this 
fashion: ‘‘I used for an apparatus a pen and a pencil; the 
former was held about 20 centimeters and the latter 40 
centimeters from the eyes. I then looked fixedly at the 
point of the pen, and while the eyes were thus converged, I 
~ could observe out of their corners, as it were, two pencils, etc.” 
A third kind of procedure takes into account a second person, 
the experimenter. In such cases the record states what the 
experimenter should do in conducting the experiment, how 
to use the apparatus, when and how to give signals and 
make records. 

Results. The results of a psychological experiment fall into 
one of two classes of facts, depending upon whether they are 
reported by the subject or by the experimenter. Facts observed 
and reported by the experimenter (EF) are termed expervmenter’s 
facts, or E’s report, and those observed and reported by the 
subject (S) the subject’s facts, or S’s report. A “wry face”’ 
made by a subject tasting a bitter substance and observed and 
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reported by an experimenter illustrates the former type of fact ; 
and the bitter quality of the substance as experienced by the 
taster is an example of the latter type, and when the fact is 
thus observed and reported by the subject it becomes available 
for scientific use. 

Obviously experiments made upon animals, children, illiterate 
folk, and the mentally defective yield facts observed and re- 
ported only by an experimenter. 

The two orders of facts as they usually occur in laboratory 
work are here illustrated by a report of an actual experiment. 
A subject was required to memorize a nine-figure square of 
Arabic and Roman forms arranged thus on cardboard : 


5 L V 
IX 7 II 
V 2 VLE 


The card was exposed to the subject for four seconds, after 
which he repeated the alphabet for six seconds, and then repro- 
duced as many of the characters as possible. The characters 
as written are given here and form the experimenter’s facts, 
or E’s report, of the results: 


9 L V 
Xx ah 
2 III 


Four were correct, one of which is misplaced, three wrong, and 
two omitted. The subject at once recorded the facts as observed 
by him as follows: “‘The figures were read as separate units and 
were not combined into a three-place number as 555, top line. 
The two upper lines were repeated silently (speech motor) and 
the entire group visualized ; repeating the alphabet broke up my 
speech motor memory ; the Arabic figures appeared in auditory 
imagery, the Roman in visual.’’” Observe how these two groups 
of facts check and supplement each other: E’s report gives both 
the quality and quantity of the reproduction, showing errors 
of which the subject was unaware, while S’s report presents 
information of which E’s gives no indication whatever. 
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In actual practice the purpose of an experiment, as well as 
the kind, determines the relative amount of emphasis to be 
given the respective types of facts. If one wishes to determine 
the extent of a space illusion or the rate at which S forgets 
nonsense syllables, E’s facts may entirely suffice, but if one 
wishes to know the nature of S’s after-images, or feeling re- 
sponse to a color, or esthetic response to a geometrical form, 
or to know whether or not hunger sensations are present when 
the muscles of the stomach contract, then 8’s report is quite 
necessary. 

These two classes of facts embody the raw results of an 
experiment, and to make their meaning obvious they must be 
arranged in form suitable for ready inspection and critical com- 
parison. For this purpose the art of constructing tables, draw- 
ing curves and graphs, and of analyzing S’s reports must be 
applied. Approved methods for these purposes will be given 
as required with the experiments in the text. 

The facts, however arranged and expressed, usually require 
further consideration before the purpose of the experiment is 
completely realized. Written reports, tables, graphs, etc. call 
for description and analysis. The results, whether from an 
individual or from a group, should be compared with those of 
similar experiments embodied in standard sources, that both 
the verification and the connection of the student’s work may 
be checked with what has become relatively permanent in the 
science. This is one of the purposes of assigned reading. 

The ability to discuss and interpret facts develops by thought- 
ful practice and with a full recognition of the importance of 
interpreting results. The importance of this aspect of reporting 
an experiment requires repeated emphasis. 

General statement, or inference. A report of an experiment is 
not complete, as shown by the report above, until a general 
statement, or inference, is made, based upon a discussion of the 
facts and upon the reading of standard works. In some cases 
it will be necessary to perform a related series of experiments 
before drawing an inference. In any case the general contents 
in the inference are suggested by the purpose of the experiment. 
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It will be advantageous, in the long run, to form the habit of 
allowing the first draft of a report to be the best as well as the 
last. The habit of rewriting results leads to inaccuracies in the 
first draft. The student of experimental sciences soon realizes 
that a large part of his attention must be given to the prevention 
and elimination of error. Cautions, directions, suggestions, and 
prescribed forms are largely for the sake of preventing error, and 
in the study of experimental psychology they apply with special 
force for the reason that the science is beset by prolific sources 
of error. The directions for conducting and reporting an experi- 
ment are here summarized in the form of an outline that may 
be used in recording laboratory exercises. 

I. Number and purpose of the experiment 

II. Material (apparatus drawn and duly labeled) 
III. Procedure (usually given in some detail) 
IV. Results 
1. Subject’s report on his own experiences 
2. Experimenter’s report (observations, tables, graphs, etc.) 
3. Discussion and assigned reading 
V. General statement or inference 


To illustrate the importance of discussion, as well as to 
exemplify the practical use of the points just described, there 
is given below a copy of a report of an experiment done by a 
student taking an introductory course in which two hours of 
laboratory work were required regularly. 


A STUDY OF DIVIDED ATTENTION! 


Material. Odd numbers from 1 on, letters of the alphabet, pen 
and paper, stop watch. 

Procedure. A. The instructor gives the signal to begin and all 
S’s count softly by odd numbers for one minute. When time is called 
_E writes down the last number. 

B. All students write in order the small letters of the alphabet as 
rapidly as possible, writing each one separately and beginning at a 
again immediately on finishing 2, writing the alphabet as many 
times as may be during one minute. 


1This problem was suggested by Experiment VII in An Introduction to Experi- 
mental Psychology in relation to Education, by C. W. Valentine. 


PRIVATE LIBRARY OF 
M. WILFORD POULSON 
PROCTOR. 9 


C. S performs as well as she can both operations at once, counting 
the odd numbers aloud and at the same time writing the alphabet, 
continuing both operations for one minute, while E observes and 
writes down the last number counted. 

Results. Subject’s report. Is there a consciousness of performing 
_ two operations at once? Yes. I was conscious of having to keep 
track of just where I stopped in each series. The idea that I had to 
do this and that I was to do it as fast as possible caused great con- 
fusion and checked the speed. 

In CI wrote one letter of the alphabet as I said each number. 

Experimenter’s report. This is shown in tabular form. 


RESULTS IN DIVIDED ATTENTION 


NUMBER OF NUMBERS} NUMBER OF LETTERS 
Undivided attention (A and B) ... 87 106 
pimiaed attention (C)..-... . . ... 41 41 
SEU Ce ee ' AT | 38 


Discussion of results. If both operations had been performed at 
once, each independently, 87 numbers would have been recorded 
in C, 106 letters would have been written, and 100 per cent in effi- 
ciency would have been gained. 

If the two operations had interfered with each other, and the 
attention had been proportionately divided, so that no two items 
of the operations had been performed simultaneously, there would 
have been 48 or 44 numbers and 53 letters recorded in C, or just 50 
per cent of A and of B. In my results I did not reach the 50 per cent 
mark, which shows that the two operations interfered with one 
another to such an extent that I lost in efficiency 15 per cent, not 
_ even being able to attain equal efficiency. My results in the C part 
were only 47 per cent and 38 per cent of A and B respectively. If 
T had found a gain in both cases, it would have proved that I had 
successfully performed two operations at once, but not that I had 
attended to two things at once. Attention can be given to only one 
thing at a time, and so in this experiment it would have to change 
back and forth between the numbers and letters. On the other hand, 
the performance of two operations at once is shown by the fact that I 
could say the number at the same time that I wrote the letter. 
Another explanation might be that I had taken the numbers for a 
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certain time and then switched back to the alphabet for a while and 
then back to the numbers. A plan could have been worked out by 
means of which efficiency could have been gained, as I found out by 
trying outside the laboratory. 

Individual characteristics that favor the performance of two tasks 
simultaneously are: the power of extremely quick thought; the 
lack of tendency to get confused in a task, in other words, clear- 
headedness or cool-headedness; the ability to retain two ideas or 
trains of thought in the mind without confusing them; and absolute 
coérdination of hand and brain. 

The apparent divided attention of musicians and jugglers may be 
accounted for by the fact that their playing or juggling has become 
habitual. Pillsbury says: ‘‘Careful investigation has shown that 
two things can be done at once only if one has become so habitual 
as to require no attention.”’! 

In the case of a musician, if he is reading music a certain note on 
the page produces an absolutely automatic response. If he is playing 
from memory it is easier yet; his hands just fall into the accustomed 
positions, and he is able to carry on a conversation as he plays. 
With the juggler, too, his hands fly to positions automatically, and 
he can devote his attention to something else. 

There are innumerable instances of attention being apparently 
given to more than one operation at a time. A person may manicure 
his nails and trim and polish them carefully and yet be talking all 
the time, because the manicuring has become habitual. Or one may 
drive an automobile, including shifting of gears and all other needed 
operations, and carry on at the same time a conversation. Also the 
artist can paint or draw as he is talking. 

To sum up, then: If the results in each part of C had been 50 per 
cent of A and B, there would have been no gain or loss in efficiency. 
If they had been over 50 per cent, efficiency would have been gained, 
and if under 50 per cent, efficiency would have been lost. As the 
majority of the class lost rather than gained, it may be inferred that 
except in a few cases efficiency is lost by trying to do two things at 
once, unless one becomes habitual. ‘If both require full attention, 
only one at a time can be carried on to advantage.”’ 1 

Inference. Two operations may be performed at once, but atten- 
tion may be given to only one at a time. Two operations may rarely 
be simultaneously performed to advantage unless one has become so 
habitual as to require practically no attention. 


1W. B. Pillsbury, Essentials of Psychology, pp. 124-125. 


INTRODUCTION Ve 


GENERAL ARRANGEMENT 


The experiments are grouped into chapters in accordance 
with the generally accepted major problems of the science. At 
the beginning of each chapter are a few quotations taken from 
_ original sources, arranged roughly in historical sequence, and 
in some instances reflecting the progress of the subject of the 
chapter. The outline following the quotations is designed (1) 
to suggest reading beyond the problems set for laboratory 
work, (2) to present a more extended and coherent view of the 
subject of the chapter, and (8) to furnish a type-plan from 
which new outlines may be constructed. 

The outline is followed by a brief introduction, the aim of 
which is to give some insight into the nature and office of the 
responses in human life, to orient the student with reference to 
the laboratory exercises, and to guide him in performing the 
experiments and in doing the assigned reading. The questions 
appearing at the end of nearly every experiment are intended to 
develop its significance, to aid in stating a conclusion based 
upon discovered facts, and to require a search for practical 
applications; and those at the end of each chapter are in- 
tended to develop the practical side of psychology as well as to 
aid in reviewing the chapter. 


DIRECTIONS FOR USING BIBLIOGRAPHY 


References to the bibliography are made in two places: (1) 
in the brief introduction to each chapter of experiments, and 
(2) at the end of each experiment. 

The authors’ names appear in the bibliography in alpha- 
betical order and are numbered, as is the custom; they are 
referred to throughout the book by number and pages. For 
example, at the end of Experiment 89 in the chapter on ‘‘Mem- 
ory and Imagination”’’ a reference appears thus: ‘27: 102- 
104.”’ An inspection of the list of names at the end of this 
chapter shows that reference is made to a paper called “SA 
Study in Incidental Memory,”’ written by G. C. Meyers and 
published in the Archives of Psychology. 
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CHAPTER II 
THE INDIVIDUAL AND THE EXPERIMENT 


The individual. One of the possible pitfalls of experimental 
psychology consists in the danger of gaining unrelated and 
detached views of man’s mental life. Laws and principles so 
industriously formulated from facts derived from experimenta- 
tion on the same object — man — sometimes do not hang to- 
gether or become united into a coherent system of knowledge. 
Another ever-present danger is seen in a tendency to shift 
attention from the object of study — psychological organism — 
to the apparatus, the methods, the stimuli, and the conditions ; 
ends and essentials are supplanted by means and accessories. 
Although these pitfalls and dangers are not peculiar to psy- 
chology, they are, perhaps, most threatening to a successful 
study of that science. 

Obviously a working knowledge of the source, nature, and 
object of psychology and of the meaning, purpose, and results 
of experimentation should prepare us to interpret and organize 
the observed facts into a coherent system of laws, and to recog- 
nize and hold fast the distinction between ends and means and 
the essentials and accessories in experimentation. 

Source of psychology. We have already observed that human 
behavior involves four interrelated factors: (1) stimuli, (2) 
mechanisms and powers, (8) responses, (4) results, or effects. 
The relations between two of these four— stimuli (including 
conditions) and mechanisms and powers — reveal the source of 
the subject matter of psychology. If environment is substituted 
for stimuli and conditions, and the individual for mechanisms 
and powers, then, following the lead of Professor Warren 
(6: 2), one may say that the subject matter of psychology 
originates out of the interactions between the individual 
and his environment. 

13 


14 PSYCHOLOGY BY EXPERIMENT 


Nature of subject matter. The character of the individual’s 
participation in the interaction is governed by the codrdination 
or better integration of receptors, neural conductors, and motor 
and glandular effectors, — all structurally discrete mechanisms, 
but functioning as a single organism. The statement is often | 
made by psychologists that the individual responds as a 
‘““unitary whole,” or that the response is “in the interest of 
the individual.” There is some vagueness and seeming ex- 
aggeration in such an assertion. Let us see. 

My finger is throbbing, having been caught by a window sash. 
The throbbing is a physiological process and is explained by the 
laws of physiology ; it is localized and involves a limited number 
of other parts. J seek a remedy; all constituent parts of myself 
are drafted into the enterprise; each part is coordinated and 
working with every other part in search of relief, attending to 
perceived and remembered objects that may serve my purpose, 
selecting and rejecting material, measuring, cutting, fitting, 
tying. 

My hair needs trimming. The need was created by processes 
of growth which are explained by biology. I go to a barber 
shop. Muscles involved in standing, walking, and seeing are 
brought into play; objects, distances, and directions are per- 
ceived on the way to the shop; perhaps previous visits are 
recalled, verbal-social ideas expressed. 

The respective strength of each of the several activities in 
the two cases was graduated with reference to the contribu- 
tion of each to the whole task; their rate, accuracy, and steadi- 
ness were regulated for the whole individual, not for any 
part; mutual reénforcing, supplementing, and checking were 
done for purposes conceived by and for the individual. These 
two examples illustrate three points important for scientific 
psychology : 

1. Responses that are duly codrdinated, controlled, and 
steered toward accomplishing definite purposes function as a 
unitary whole. 

2. Such responses are in the interest of the individual and not 
of a mere part. The “throbbing” and the ‘long hair” were 
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affecting an individual adversely, and called for a remedy and a 
correction for the sake of self. The solicitude in both cases is 
not for the throbbing or the long hair, but for self, the individual 
affected by them. 

3. Responses made for and involving the whole organism are 
strictly subject matter for psychology. No other science at- 
tempts to, or can, describe and explain such activities. Professor 
Pillsbury observes that psychology ‘deals in general with the 
acts of the organism as a whole, rather than of the parts, and 
it considers the acts of the organism only in so far as they are 
not explained by physiology and other distinctly biological 
sciences’’ (4: 8). 

Those who would limit the subject matter of psychology to 
movements, to glandular and visceral actions, are called be- 
haviorists, — a special use of that term. The instances just 
cited above contain, however, such words as “attending,” 
“perceiving,” “remembering,” ‘‘selecting,’ and to these should 
be added ‘recognizing,’ ‘‘feeling,’ “ideating,’’ ‘‘reasoning,”’ 
etc., names for different phases of consciousness. These proc- 
esses, taken in their totality, compose our mental life, or mind 
so called. It is important for students of psychology, and espe- 
cially for those approaching the subject by means of experimen- 
tation, to grasp the conception that these several phases of 
consciousness operate by and for the entire individual, — simi- 
larly to the motor activities described above. An illustration 
from learning to play tennis must suffice. One gives rapid mobile 
observation (attention) to a ‘‘served ball” (perception), and on 
account of the speed and angle at which it approaches the back- 
line refrains from hitting it (memory, comparison, judgment, 
volition). As the ball passes over the line, satisfaction (feeling) 
arises for having scored a point and for making a correct infer- 
ence in so new a situation. Encouraged (feeling-elated mood) 
by this gain, one resolves (attitude and volition) to put more 
effort into the game. As in case of the motor reactions, so here 
the mental processes reénforce, supplement, and check each 
other, some occurring in an apparently cause-and-effect relation 
and serving the individual as a whole. It turns out that both. 
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conscious processes and movements function as a unitary whole 
for individual ends and purposes; this is tantamount to saying 
that conscious experience and movements not only constitute the 
subject matter of psychology but that they are definitely related 
and in such a manner that the activities of one may be inferred 
from those of the other. And that is what occurs in the com- 
mon experiences of daily life. If, for example, I am suffering 
from dizziness and blurred vision while reading, I will consider 
whether a lurking sinus trouble, overeating, too strenuous 
exercise, or some such bodily cause may not have so affected 
the visual centers of the brain as to produce dizziness and im- 
perfect vision. From purely psychological grounds I infer that 
there is a disturbance in the body functions. And I may then 
try to arrive by physiological considerations at a probable ex- 
planation of the mental disturbance. Or again I may look at 
the thermometer in my study and be surprised to find it regis- 
tering a temperature far below the point of comfort and I recall 
having shut the heat off earlier in the evening and forgot to 
turn it on. I straightway explain my forgetfulness by the un- 
usual interest in the reading, —a psychological explanation for 
prolonged bodily activity. (3:38) 

All conscious experience requires bodily action, but the re- 
verse does not appear to be true. If bodily action is to have 
psychological significance, its dependent mechanisms must have 
been integrated to a degree in which their functions produce 
conscious experience of one sort or another. 

Object of psychology. Two questions are involved here, grow- 
ing out of the present stage of scientific development of psy- 
chology: (1) What is the object of psychology as a pure science? 
(2) What is its object as an applied science? Answers to the 
first must be made in terms of what is to be scientifically done 
with the subject matter. Hence facts about movements must 
be discovered and explained; a study must be made of their 
origin and integration into movement systems, of their corre- 
lation with the laws of nervous physiology and with those of 
conscious experience. Facts must be gathered from genetic and 
- experimental psychology as well. Examples of contributions 
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from the latter field are found in studies on reaction time and | 
in the development of a hierarchy of movements such as occur 
in learning to write or to play the piano. Likewise facts of the 
emergence and development of conscious processes must be 
discovered and explained ; their relations to each other, as per- 
ception to imagery and to ideas, feeling to attention, memory, 
learning, etc. Then, too, the dependence of consciousness upon 
bodily reactions, so marked in attention and emotions, presents 
a wide and diversified field for scientific study. 

The object of applied psychology coincides with that of other 
natural sciences in that it aims to predict and to control. Pre- 
dicting how one will act and will achieve in any given situation 
based upon common sense is an everyday occurrence. The only 
justification for psychology to undertake such work rests on the 
assumption that it can do so with greater certainty and thereby 
avoid costly mistakes. As in general psychology, so in applied 
psychology the entire individual in relation to his environment 
must be studied. Interviewing applicants for work may serve 
for an illustration: applied psychology not only points out the 
many pitfalls but furnishes scientific grounds upon which the 
interview should proceed, and suggests directions by which 
the results may be used. 

Summing up briefly the relations of the individual to psy- 
chology, we observe that those reactions which function in the 
interest of the whole organism form the subject matter of the 
science; that the nature of these reactions consists of conscious 
processes dependent upon bodily activities, and that the object 
of psychology is (1) to discover and formulate the laws of 
conscious processes in their relations (a) to each other and 
(b) bodily reactions; (2) to discover and state the laws of move- 
ments in relation (a) to each other and (6) to conscious experi- 
ence; and (3) to apply the laws thus discovered to the art of 
predicting, guiding, and controlling human behavior. 

The experiment. Psychology has fully evolved descriptive, 
explanatory, and predictive stages; hence it has attained its 
majority, the adult stage of ascience. We have already observed 
that the technique and methods used in discovering the laws 
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and principles of psychology should, when properly adapted, 
prove most serviceable in teaching the science. To experimenta- 
tion as already defined very largely belongs the credit for the 
present status of psychology. It is therefore important that the 
student should have an adequate conception of the use of ex- 
perimentation as a means of learning the science and that he 
should cultivate an attitude of critical earnestness toward its 
methods and technique. 

In the first chapter attention was given to ways and means 
for conducting, recording, and interpreting the results of an 
experiment. Additional suggestions and comments are sub- 
mitted with a view of aiding the student to become properly 
oriented in the work, to avoid waste, and to conserve time 
and effort. 

1. A laboratory experiment is not a mental test. It is not 
concerned in determining the character of a reaction in terms 
of standard achievement, however derived. 

2. An experiment is not intended to furnish logical and 
mathematical proofs; it seeks rather to secure similarities and 
uniformities in reactions made by different individuals under the 
same internal and external conditions and to the same stimuli. 

3. Laboratory experiments arranged for students have one or 
more of the following purposes: to give practice in setting up 
and in using apparatus; to furnish opportunity for working in 
an orderly manner, accurately and rapidly (a laboratory 
dawdler is out of place); to demonstrate an established law 
(usually the law is unknown to the student, and hence for him 
it is a discovery); to discover new facts that may tend to 
support or refute a current theory (such achievements are, 
of course, rare, but when they do happen, new zeal and set 
purposes follow). 

4. The failure of an experiment may prove a success in dis- 
guise in that it may induce more caution, arouse closer observa- 
tion, and incite greater determination. 

5. The object of an experiment should never become second- 
ary to apparatus and conditions. This principle need not be 
confused with work devoted to devising and trying out appara- 
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tus or to testing and standardizing conditions. All such work 
should be regarded as devising and perfecting ways and means 
for experimentation. 

6. Do not alter the conditions and directions. Any change in 
the aim of an experiment usually occurs from misunderstanding, 
and at times changes in directions and conditions happen from 
the same cause. There are other reasons why conditions are 
changed that call for the student’s attention: (1) carelessness, 
indifference, or a mind prepossessed with other interests for the 
time being (such attitudes are handicaps in any work but are 
absolutely fatal to success in a psychological laboratory) ; (2) a 
desire to get through and to have done with it; (8) an endeavor 
to be original and spontaneous (neither science nor art can 
afford to lose original ideas, but before changing the conditions 
to accommodate such ideas, see the instructor). 

7. It is important to realize in the beginning that experi- 
mentation is the surest and in the long run the speediest method 
for learning psychology as a science. This view is generally ac- 
cepted in teaching and in learning other natural sciences. One 
can acquire considerable information about botany or zodlogy 
or physics or psychology or the like without experimentation, 
but such knowledge is empirical, unorganized, one-sided, and 
too often misleading despite the watchful care of common sense. 

The value of experimentation in acquiring a living and work- 
ing knowledge of science and in permanently removing the veil 
from many of the secrets of nature becomes evident by com- 
paring the relative permanency of the forms in which science 
exists. These forms are as follows: First, science as knowledge 
in the minds of people has a precarious, evanescent, and tran- 
sient kind of existence, and were that suddenly to become its 
only dwelling-place, it would soon revert to pseudo-science, 
legend, and folklore. Second, science as applied to industrial 
processes, to the construction of machines, engines, and struc- 
tures, is concrete, palpable, and observable, and is consid- 
erably more stable than in the form of individual knowledge. 
Use and time are the great destroyers of this form. Third, 
science expressed in symbols, of whatever sort, and in divers 
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materials, usually addressed to the eye, is comparatively perma- 
nent. The accumulated science of the ages is in such forms. It 
is recorded, with other forms of knowledge, on stone, pottery, 
metal, papyrus, and by far the greater and more important parts 
are recorded on written and printed pages. These symbolic 
forms contain descriptions and explanations of scientific discov- 
eries and records of ways and means for devising and construct- 
ing apparatus, — records of marked self-denial, of failures and 
successes in experimentation. Here are recorded hypotheses 
and theories and the facts discovered to prove or to refute them, 
accounts of applying old formulas and of deriving and testing 
new ones, accounts of discussions, arguments for and against the 
validity of a given experiment, etc. These records form the 
history of science and are for the most part descriptions of ex- 
perimentation — the only way by which science has made 
permanent progress and the better way by which it may be 
learned. But in all cases experimentation has been a means to 
an end, a wonderful tool by which man has erected the endur- 
ing structure of scientific knowledge. 
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CHAPTER III 


MOVEMENT 


1. The term ‘““movement”’ is here used in a technical sense, and means 
any set of coordinated muscular action. — CHARLES MERCIER, The Nervous 
System and the Mind, p. 83 


2. Let us use the term movement system to indicate a combination of move- 
ments so linked together that the stimulus furnished by the actual performance 
of certain movements is required to bring about the other movements. — 
MARGARET F’. WASHBURN, Movement and Mental Imagery, p. 10 


3. A movement that has mental .. . antecedents and mental concomitants 
is termed an action; and the problem which “‘ doing things”’ sets to psychology 
is that of tracing out the various sets of processes which can serve as the 
conscious condition of the various forms of action. — E. B. TITCHENER, 
A Primer of Psychology, p. 162 


4. Three elements, then, combine in the initiation and guidance of a 
movement. (1) The general idea or intention to move. This is found in the 
thought of the movement or of the end to be attained. (2) The remote sen- 
sations from eye or ear. (3) The resident sensations from the moving mem- 
ber itself. These resident and remote sensations control the direction and 
force of the movements. — W. B. PILLSBURY, Essentials of Psychology, p. 301 


TOPICAL OUTLINE 


General Classes of Reactions 
A. Reflex (simple, inborn): blinking 
B. Movement (simple and complicated, acquired, explicit): writing 
C. Ideational (acquired, implicit): thinking 
D. Affective (acquired and inborn, visceral): anger 
Forms of Reactions as to Kind of Mechanism 
A. Glandular: perspiring, salivating, secreting, for example, adrenalin | 
B. Vascular: blushing, paling, pulsating 
C. Muscular: pounding, running, jumping 
I. Types of muscular reaction 
1. As to origin 
a. Innate: reflexes, automatisms 
b. Acquired: signaling, speaking, reading 
2. As to degrees of consciousness 
a. Not-conscious: pupillary reflex, dilation of ale 
b. Marginal: sensori-motor and ideo-motor reactions 
c Focal: threading a needle, drawing from memory 
21 
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3. As to self-controlled reaction 
a. Involuntary: sneezing, patellar reflex 
b. Voluntary: checking impulseto cough, reading a difficult passage 


II. Voluntary or self-controlled reactions 


1. Conditions: two or more ways of reacting 
2. Motives (composition of) 
a. Idea of one’s own act 
b. Idea of result of action 
c. Perception of object 
d. Feeling-tone 
3. Central (mental) reactions between idea of action and its overt 
execution: deliberation (means of), hesitation (cause of), 
decision (feeling of relief) 
4, Factors controlling overt reaction 
a. Resident and remote kinesthetic sensations 
b. Acquired inhibiting mechanisms 
5. Abnormal movement reaction 
a. Speech defects 
b. Alexia, agraphia 
c. Ataxia 


Time Relation of Movement Reaction: Reaction Time 
A. General problem: Determine the time required for a conscious reaction 


by measuring the interval from the presentation of a stimulus to 
the making of a prearranged response. 


B. History of the subject 


I. The ‘‘ personal equation”: its history and correction 
II. Measuring the rate of a nervous impulse 
III. Use of electrical mechanisms for measuring reaction time 
IV. Use of the vernier for measuring reaction time 
C. Classes of reaction time 
I. Simple, based upon the direction of attention 


1. Sensorial 
2. Motor 
8. Central 


II. Complex, based upon the intervention of one or more mental 


or implicit factors between the perception of the stimulus and 
the response 
. Discriminative reaction 
. Cognitive 
. Choice reaction 
. Associative reaction 
a. Free 
b. Partially or wholly constrained 


mRwpr 


D. Conditions affecting reaction time 


I. External determinants 
1. Quality, intensity, duration of stimulus 
2. Climatic conditions: atmospheric pressure, temperature 
3. Social and other distractions 
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II. Internal determinants 
1. Age and sex 
2. Practice, attitude, expectation 
3. Health, fatigue, drugs 


INTRODUCTION 


Description of terms. The experiments of this chapter con- 
tain several words, as “‘consciousness,”’ “‘stimulus,”’ ‘‘reaction,”’ 
*““movement,” “‘reflex,”’ ‘““discrimination,”’ etc., used in a techni- 
cal sense and requiring at least working definitions. 

1. The term “consciousness,” because of its basal character in 
psychology, calls for first consideration. It is ‘‘the distinctive 
basal characteristic of mental life in actual process” (5: 22); 
it 1s awareness of oneself and the world about the self. 
This does not imply awareness of the entire self or of all the 
world present to self at any one moment, but only of such parts 
of each as conditions may require. At one moment one is con- 
scious of cold hands, at the next of one’s gloves in one’s pocket ; 
or again one stands in admiration before a beautiful painting 
apparently unmindful of self, when suddenly a slight aching fore- 
head brings the self back to consciousness. The more manifest 
conditions and signs of consciousness are stimulus, responding 
mechanisms, and responses, but further acquaintance with its 
conditions shows that stimulus and response are merely the end 
terms of a series of conditions, the largest group of which is 
confined to the responding mechanism, the major part of which 
is the central nervous system. That consciousness operates in 
such conditions is generally accepted ; just how it operates is 
as yet unknown, but the approach to the solution of the how 
belongs to the field of physiological psychology. 

2. A stimulus (21: 22) may be regarded as any small force 
that releases a larger one. It has been likened to the blow of a 
hammer that explodes the powder of a cartridge. When limited 
to organic life, it means any force that arouses a resident power 
in the organism, and when applied to animals with a completely 
differentiated nervous system, it is the force that arouses an 
impulse in an afferent (incoming) nerve (10: 127-144). 
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Stimulus, in short, is a physical factor. Sunlight falling on 
the hand warms it. It is a silent, invisible force, but its cumu- 
lative effect is most pleasantly observed on a cold day. When 
sunlight falls upon a book it is reflected, and the book is visible. 
The sunlight stimulating the skin produces the sensation of 
warmth ; stimulating the eye it produces the sensation qualities 
which, added to experience, tell us that the object is a book. 

The usual way of starting a nerve impulse is by applying 
stimulus to a sense organ, by which it becomes transmuted into 
a nerve impulse. 

A comparative study of the classifications of stimuli as given 
in introductory texts on psychology is advisable. (5: 42-47; 
16: 11-12) , 

3. A reaction of the simpler kind is a more or less quickened 
muscular action, glandular secretion, or vascular change due 
to the excitation of a nerve impulse by an efferent (outgoing) 
nerve. In a more complex sense it may be conceived as a set of 
psychophysical changes occurring in an organism during the 
process of adjustment to specific conditions (5: 186-189). The 
terms “‘response’”’ and “‘expression’’ are synonyms for ‘‘reac- 
tion,” although they may form only a part of a reaction. The 
kind, quality, and intensity, or amount, of reaction furnish the 
larger and more intricate problems of psychology. 

4, Discrimination is among the earliest responses of infancy 
and is often regarded as an index to intelligence. It may 
be described as a reaction to a difference between compared 
stimuli. When no difference is sensed, the two stimuli, forces, 
objects, or whatever is being compared, are reacted to as 
similars. 

5. A movement (18: 447-458) is any set of codrdinated mus- 
cular actions accompanied by a variable degree of conscious- 
ness. The term ‘coordination,’ as used here, is well described 
by Mercier. | 


Hence it appears that for the due performance of every movement 
whatsoever there must be action of a plurality of muscles determined 
in a plurality of ways; that the forces, times and extents of the 
action of one set must bear a due proportion to the forces, times and 
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extents of the action of the other set. When muscular actions are 
thus combined in due proportion they are said to be coédrdinated. 
(11: 638-64) 

Since a movement is a coordinated action of many muscles 
working toward an end, it implies the presence of consciousness 
~ Ina functional role, as it is the only principle by which awareness 
of ends becomes known. On this account the term ‘‘movement,”’ 
as used in the text, carries with it the idea of consciousness. 

6. When a stimulus acting on a sense organ arouses some form 
of reaction by means of an afferent nerve, a neural center, and | 
an efferent nerve, the entire process is termed a reflex; and the 
path thus formed for the transmission of the nervous force is 
called a reflex arc (8: 1 ff.). The nervous centers, or ganglia, of 
the more primitive reflex arcs redirect the nerve force, perhaps 
the simplest and first function of the nervous are. But to the 
complex nervous systems of vertebrates two other functions are | 
added: (1) facilitation of nerve impulses and (2) their inhibition. 
These several functions concern the psychologist only in so far 
as they are conceived as the physical correlates of conscious 
behavior. Among the correlations those of time have been the 
object of careful study, for it was assumed that “the time 
occupied by nervous events” was equivalent to the duration of 
the corresponding mental processes, so that the time measure- 
ments of the former determined, as it were, the temporal course 
of the latter. 

Reaction time. This is reckoned from the time the stimulus is 
applied to a sense organ to the time of the response of the 
moving mechanism. Such an interval is termed reaction time. 
The psychologist describes reaction time as the interval be- 
tween the application of a stimulus to the subject and his re- 
sponse to it in a prescribed manner (7: 1-56). 

The starting-point for studying experimentally time relations 
of mental phenomena is made by determining the so-called 
simple reaction time. Reaction time is regarded as simple when 
a direct response is made to the stimulus (17: 117-125). The 
conditions require that the subject shall know beforehand the 
exact nature of the stimulus, its manner of application, and 
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the precise mode of response; for example, subject is to press 
a particular key of an instrument with the index finger at the 
appearance of a known red disk or on hearing a familiar click 
at a previously designated point. Another important condition 
requires that the subject shall be warned a second or two before 
the application of the stimulus. This may be done by the ex- 
perimenter’s signaling ‘‘ Ready.’”’ These conditions are necessary 
for keeping the variations of the simple reaction time in a series 
within the narrow limits required for valid results. But even 
with foreknowledge of the stimulus and of the manner of re- 
sponse, with a preparatory signal, with freedom from distraction, 
with uniformity in the direction of the observer’s attention, and 
' with comfortable bodily position, the time will vary from one 
trial to another. On account of these variations some arith- 
metical computations must be made so that the results may 
be readily compared with those in standard texts. 

Simple reaction time. The simple reaction time obtained 
under such conditions is found upon analysis to be composed of 
a number of coordinated processes working as a unitary whole; 
the separable physiological processes are supposed to coincide 
with the number of structural parts of the reflex arc. The 
processes are (1) transmuting the physical stimulus into a nerve 
impulse by the sense organ; (2) conducting the impulse to an 
appropriate sensory center of the cortex by an afferent nerve; 
(8) transforming the sensory impulse into a motor, or efferent, 
impulse; (4) conducting the motor impulse to a reactor; and 
(5) the response of the reactor. This last response constitutes 
the end of the physiological processes included within the 
measured reaction time, and at the same time it initiates an 
afferent impulse which, on reaching the cortical centers, gives 
rise to a sensation of movement, the so-called kinesthetic 
sensation. | 

The mental phase of the reaction processes involves three 
distinguishable parts: (1) the ideas of responding and ideas of 
bodily adjustment reénforced by kinzesthetic sensations, which 
are excited by placing the sense organ in a favorable position for 
receiving the stimulus and by putting the body parts into proper 
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position for ready response; (2) the perception of the stimulus 
and its connection with the idea of response and the fiat of the 
will to respond; (8) the sensation of movement and usually a 
feeling-tone based upon the response. These three processes are 
sometimes designated as pre-reaction, reaction, and _ post- 
~ reaction, and, although they are separable in analysis, they form 
a continuous sequence of mental events operating as a unitary 
whole (10: 470-499). 

Types of simple reaction. Simple reaction times vary in length 
according to the direction of the subject’s attention in the pre- 
reaction period. If the attention is directed toward the appre- 
hension of the stimulus, the time rate is termed sensory and is 
the slowest of the simple rates. If the attention is given to the 
making of the response, the time is called motor and is found 
to be the shortest. But if the attention vacillates indifferently 
between the idea of the stimulus and the idea of movement, the 
time is called central, and the time rate is between the sensory 
and the motor. These different types of reaction have been 
known since 1888. The results of some of the original investi- 
gations appear in the following table: 


TABLE I. TIME OF THE TYPES OF SIMPLE REACTION! 


OBSERVER NATURE OF SENSORY TIME| MoTOR TIME | CENTRAL TIME 

STIMULUS (SECONDS) (SECONDS) (SECONDS) 

Lp SS i Visual 0.290 0.113 

atcnener . . 3. : Poe Visual 0.268 0.181 0.19-0.22 

Munsterberg |... .. Auditory 0.162 0.120 

PETRCHICMED 9. 0. ee Auditory 0.233 0.120 0.14-0.19 

ELECTS a ar Tactile O.213 0.108 

(OC) Tactile 0.210 0.110 0.12-0.18 


Complex reactions. A second group of reactions is that in 
which one or more mental factors intervene between the per- 
ception of the stimulus and the motor response ; or, in terms of 
conditions, the time here is the interval that elapses between 


1 This table is arranged from Titchener’s Experimental Psychology: Instructor’s 
Manual, Qualitative, p. 216, and from Breitwieser’s ‘**Attention and Movement in 
Reaction Time,” Archives of Psychology, Vol. II (1911), p. 4. 
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the reception of a more or less known stimulus and the making 
of a movement more or less definitely prearranged. 

Several types of complex reactions have been determined, 
such as discriminative, cognitive, choice, and associative. 

1. The discriminative reaction is like the sensorial reaction of 
simple reactions, with the difference that two or more stimuli 
may be used and the subject responds after he has discriminated 
between the particular stimulus presented and the other possible 
stimuli; for example, the subject is told that he will be shown 
one of three bits of white cardboard cut, respectively, in the 
- form of a triangle, a square, and a circle, and that he is to re- 
spond as soon as he discriminates the form presented. 

2. The cognitive differs from the discriminative only in the 
use of a greater variety of stimuli; a dozen geometrical forms 
are used instead of three or four; even short familiar words may 
be used. In the discriminative type all the possible stimuli may 
be kept fairly well in mind, imaged in one pulse of the attention 
during the pre-reaction period, whereas in the cognitive such a 
task is impossible, so that when the particular stimulus appears 
it must be reknown, that is, cognized. 

3. The conditions in choice reactions require the subject to 
make choice of his responses as well as to discriminate between 
stimuli. Two or more stimuli are each correlated either with 
a specific movement or with the absence of movement. The 
subject is told to respond with the right index finger at the ex- 
posure of a red disk and with the same finger of the left hand 
to a yellow disk, or to respond to a letter of the alphabet by 
naming it and not to respond if a digit is shown. 

4. An adequate description of associative reactions (8: 
218-269) necessitates an account of the laws of habit formation 
and those of association. Such an account is particularly essen- 
tial in the application of the results of the associative reaction 
to a study of mental types, of abnormal complexes (6: 111-186), 
of the nature of concealed experience (12: 738-133), and espe- 


-. Gially for some of the laws of inhibition. The present description, 


however, is confined to experimental procedure; the problems 
of association are considered in a later chapter. 


MOVEMENT 29 


In the associative reaction the subject does not respond to the 
external stimulus at all, but to a central stimulus or an associa- 
tive process, so called, — to the “‘idea”’ aroused by the percep- 
tion of the stimulus (22: 9-23). The stimulus is usually a word 
seen or heard; it may be a figure or a familiar symbol. An 
associative reaction time, then, is the interval between the 
appearance of a symbol or word stimulus and the response, 
consisting of another word or symbol having some form of 
association with the first. We are continually building such 
associations from childhood on: connections between names and 
their objects, between things and their uses; between words, 
signs, symbols, and their respective meanings; between causes 
and their effects, conditions, and consequences; between 
numbers and their sums, products, differences, powers, and 
roots; between the names of countries and their capitals, prod- 
ucts, industries, etc. (20: 4-98). 

There are three forms of associative reactions, the first and 
simplest of which is the “free” association. Here the subject 
responds when the word has suggested anything from a mere 
fancy to a word bearing the subtlest relation to the stimulus 
word. In laboratory practice one begins with this type on ac- 
count of its simplicity, but this simplicity has proved its strength 
in making ready and valuable contributions to both theoretical 
and practical psychology, and as a consequence it has received a 
larger share of attention. The second form is the ‘‘ambiguous,”’ 
or partially constrained, association. This has been termed 
logical reaction by some authors. In this form the range of 
possible associations to the stimulus is limited. The subject 
may be shown the name of a class — for example, “bird”? — and 
be required to respond with the name of a particular instance of 
the class — such as “robin” or “sparrow” — or he may be | 
shown the name of the instance and be required to respond with 
the name of the class, or an adjective may be shown requiring 
a response by giving the corresponding substantive; for 
example, “gold” — “coin.” The third form is the ‘“con- . 
strained”’ association. Here the stimulus word, number, or 
symbol admits of only one correct response. The subject is 


30 PSYCHOLOGY BY EXPERIMENT 


asked a question that admits of but a single answer. Thus he 
may be asked to give the word opposite in meaning to the 
stimulus word, to name the country where a poet lived, to 
name the author of a work, or he may be given a number and 
required to respond with the sum or product as affected by 
the stimulus number. 

The discriminative and choice reactions tend with practice 
toward the sensorial reaction, within certain limits. The ap- 
proach is most marked in the choice reactions, owing to the 
fact that each movement becomes associated with its particular 
stimulus in reflex fashion and thereby well-nigh eliminates the 
distinctively choice reactions. Both simple and complex types 
of reaction are typical of the larger portions of our common 
industrial and skillful activities as well as of many of the pur- 
posive movements of our everyday life. Colored lights, bells, 
horns, whistles, sudden sounds, and waving flags are used as 
stimuli, and opening and shutting throttles, turning electric 
currents off and on, pulling and pushing levers, turning cranks, 
gearing and ungearing machinery, are some of the responses. 
Again, letters, words, figures, symbols, ‘“‘cold”’ shorthand, and 
oral dictation are stimuli, and writing, speaking, reading, and 
manipulating keys of the typewriter are the several responses. 
In plays and in games the signals made by the voice, by pistol 
shots, by whistles, and by flags are the usual forms of stimuli, 
and kicking, punting, throwing a ball, pulling an oar, and run- 
ning a race are among the responses. 

Evidently the study of the time relations of mental phe- 
nomena under experimental conditions provides a means for 
making a critical and controlled study of many common 
volitional processes. 


REACTION TIME 


The purpose of the reaction-time experiments is to study 
the time factors involved in immediate and predetermined re- 
sponses to known stimuli, such as response to a gymnasium or 
military command, to colored lights in traffic, etc. 
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The conditions, processes, and mental phases as given in the 
Introduction are to be brought out in the discussions of the 
several experiments, and the analysis should show what dif- 
ferentiates simple from complex processes and the characteris- 

tics of each type of simple and complex reaction. 

Especially should the student here make a beginning in con- 
necting his psychology laboratory work with processes and 
operations of daily life, for nowhere may more concrete illus- 
trations of laws studied in the laboratory be found; and this 
procedure, if continued and developed, will tend to humanize 
the science and give it the practical interest for the student 
which is its inherent right. 


SIMPLE REACTION TIME 
EXPERIMENT 1. To determine Tactual Reaction Time 


Material. Stop watch; touch stimulus; blank forms for results. 

Procedure. A group of students, ten or more, stand in tandem order, 
forming a circle around a table or a few chairs, each student turning 
slightly to the left. One of the members of the circle, termed the 
starter, holds a stop watch in the right hand.. At the signal ‘‘Go,” 
given by a student outside the circle, the starter starts the watch, 
and at the same time, with the index finger of the left hand, taps the 
right shoulder of the student directly in front. The latter, just as 
soon as the touch is perceived, taps the student directly to his front 
with the index finger of the right hand. This process is repeated by 
each in turn within the circle until the starter’s right shoulder is: 
touched. He then at once stops the watch. The right shoulder must 
be tapped by the right finger throughout the experiment. The 
students are enjoined to inhibit all forms of distraction during the 
experiment. At least twenty trials should be made. A student 
records the results on the board in the form of the table given 
on page 382. 

Results. Subject’s report. To what factor in the reaction did you 
attend particularly? If to the stimulus, the reaction is known as 
sensory; if to the response, as motor; if the attention is equally 
divided, the reaction ‘is central. What, then, is your type? Would 
this type of reaction become unconscious if continued long enough? 
Did bodily tenseness increase or decrease with the progress of the 
experiment? Were there any fatigue effects? 
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Experimenter’s report. Construct a table for the results. The table 
given here is an actual table taken from class results, and the treat- 
ment of results is fully explained for future reference. 


TABLE IJ. REACTION TIME TO TOUCH IN A GROUP OF FOURTEEN STUDENTS 


ARRAY VARIATION 
ap Car aes (SECONDS) (SECOND) 
1 Dee 2.8 0.165 
2 Se 2.8 0.165 
3 Sar Dae 0.065 
4 3.0 nS 0.085 
5 3.0 3.0 0.035 
6 3.0 3.0 0.035 
6 3.0 3.0 0.035 
8 3.0 3.0 0.035 
SY UE UALR eee aa 3.0 3.0 0.035 
1) C702 ae a an ee 3.4 3.0 0.365 
1 CSS a tae en 3.0 3.0 0.035 
Liza so ya ae 9 2.8 3.0 0.285 
Dee Bete, ENE ee let ey oats 228 3.0 0.235 
UME see LW Sri. ti, 3.2 Sal 0.165 
Tess. NUTR Aes Se eee : Oue 3.2 0.165 
TAG piggy eae scr 3:0 3.2 0.085 
Nice eis) MIME SA Sy ate, 3.0 3.2 0.035 
PSE i 5: ube teeta ot, a2 Sve 0.165 
OGM ih 52." Latin Af 2.8 On2 0.235 
ZO Wn’ is yD ee 2: 2.8 3.4 0.235 
ME OVI... armen ak ae oe 60.7 Ind. median, |M.V., 0.125 
0.214 
Group average .... 3.035 
Individual average . . OO217, Ind. mode, 
0.214 


Explanation. The array is made by placing the numerical results 
in order of rank from the smallest to the greatest. 


The average is found by the formula —_ or the sum of the 
records divided by their number. 
_ The mode is the result, or measure, occurring most frequently. 
In the table it is 3 sec. 
The median is that point on the scale of measurement upon either 
side of which one half of the total number of measures will fall if 
arranged in array or rank order. Therefore in the table above the 


15s stands for the sum of the individual records. n stands for the number of 
individual records. 
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median lies halfway between the tenth and eleventh measures, and 
numerically is the average of these two measures, 3 sec. in this case 
also. 

In both cases the results give the reaction time of a group of four- 
teen, and hence the average individual time is found by dividing the 
group time by 14. This gives a value for the average of 0.217 sec., 
for the individual median of 0.214 sec., for the individual mode of 
0.214 sec. 

The variation of each measure is found by taking the difference 
between it and the average. The average variation is called the mean 
variation, or M.V. The uniformity of results is also measured by 
the range, the distance between the first and the last measure of the 
array. Here it is 3.4 sec. — 2.8 sec., or 0.6 sec. 

Discussion of results. Are the trials fairly uniform in length? If 
not, can you explain why? 

The general inference is given at the end of Experiment 8. 


EXPERIMENT 2. To determine Auditory Reaction Time 


Material. The auditory stimulus consists of a metallic click made 
by a berry-capper or some similar object that is readily controlled by 
the experimenter; stop watch, etc., as in the preceding experiment. 

Procedure. The students are arranged as in Experiment 1, each 
being provided with a berry-capper. At the signal ‘Go,’ given by 
one outside the circle, the starter starts the watch and at the same 
time clicks the berry-capper close to the right ear of the student 
directly to the front. This process is continued around the circle 
until the starter hears the click at his right ear. Twenty trials are 
made. 

Results. Subject’s report. Follow the same plan as in Experiment 1. 

Experimenter’s report. Follow the same plan as in Experiment 1. 

Discussion of results. Do you observe any effects, either objective 
or subjective, from practice? How does auditory reaction time com- 
pare with tactual reaction time in length? Are results fairly uniform ? 
Is your time sensory or motor? 


EXPERIMENT 8. To determine Visual Reaction Time 


Material. Stop watch; fan handle 10 in. long, bearing at one end 
a white disk 3 in. in diameter; blank forms. . 

Procedure. The students are arranged as in Experiment 1. The 
starter holds the watch in the right hand and the stimulus disk in 
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the left. Other subjects hold the disk in the right hand directly in 
front. At the signal ‘‘Go”’ the starter starts the watch and at the 
same time thrusts the disk above his right shoulder. The student 
behind the starter thrusts his disk above his right shoulder as soon 
as he sees the starter’s disk. The stimulus is thus passed backward 
around the circle. When the starter sees the disk, he stops the 
watch. Twenty trials are made. 

Results. Subject’s report. Follow the same plan as in Experiment 1. 

Experimenter’s report. Follow the same plan as in Experiment 1. 

Discussion of results. Compare the reaction time of touch, hearing, 
and vision as to length. How does your work compare in each case 
with standard results? How does the reaction studied differ from 
reflex action? Describe a reaction-time process, including such aspects 
as mental set, tenseness, post-reactions, nature of distractions. Give 
at least three examples from daily life illustrating reaction-time 
situations in each of the three sorts studied above: responses to 
touch, to vision, and to sound. 

Inference. Let your inference include a definition of simple-reac- 
tion time and also a statement showing the relative duration for the 
different sense modes as shown by the results. 


READINGS. 2: 37-47; 3: 476-486; 4: 126-1381; 5: 205-211; 6: 428-436; 
15: 205-211 ; 12 Vols, Part lla 1 2: 


COMPLEX REACTION TIME 
EXPERIMENT 4. To determine Discriminative Reaction Time 


Material. Visual stimulus as in Experiment 3; the disks are of 
three kinds, bearing a square, a circle, and a triangle; stop watch; 
blank forms. 

Procedure. The procedure is as in Experiment 3, except that the 
student raises his disk as soon as he discriminates the figure on the 
disk seen in front, knowing in advance that it must be a triangle, a 
circle, or a square. Fifteen or more trials are made. At the end of 
each trial, stimulus disks are changed, each student quickly passing 
his disk to the student just behind him. 3 

Results. Subject’s report. Compare the conditions of this experi- 
ment with the preceding one as to the tenseness of attitude. Do 
results indicate any habit formation? Can anticipation be reduced 
to a habit? 

Experimenter’s report. Construct a table and calculate results, a 
in the preceding experiments. . 
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Discussion of results. Compare the results obtained above with 
the results of Experiment 1 as to length of reaction. Give three 
examples of the discriminative reaction from everyday life. In what 
does a discriminative reaction consist, considering both conditions 
and processes ? 

Inference. Give a description of the discriminative reaction. 


READINGS. 10: 487-494; 18: 131-184; 15: 211-212; 17: Vol. II, Part I, 
186-187; 18: 437-442. 


EXPERIMENT 5. To determine Choice Reaction Time 


Material. The same as for the preceding experiment. 

Procedure. Students are arranged as in preceding experiments. 
At the signal ‘‘Go”’ the starter starts the watch and at the same time 
thrusts his disk above his right shoulder. When the student at his 
rear has discriminated the figure on his disk, he makes one of three 
possible responses. If the figure is a triangle, the response is made 
by raising the disk over the right shoulder; if a circle, the disk is 
raised over the left shoulder; if a square, the disk is thrust above 
the head. To aid in prompt responses, the disks should be held ver- 
tical and in front of the median line of the body. Every care should 
be exercised not to respond until the figure has been clearly discrimi- 
nated. Fifteen or more trials are made, disks being passed to the 
rear at the end of each trial. 

Results. Subject’s report. What distinguishes choice time from 
discrimination time? What factor in this experiment is similar to 
an act of the will, so called, in everyday life? 

For suggestions as to experimenter’s report, discussion, and in- 
ference, see Experiment 4. 


READINGS. 18: 131-1838; 18: 439-440. 


EXPERIMENT 6. To determine Cognitive Reaction Time 


Material. Packs of twenty small cards, each bearing one plainly 
printed stimulus word, the words all being different but as nearly 
as possible of uniform length; stop watch. 

Procedure. The circle arrangement is used as in preceding experi- 
ments. Each subject is given a pack of cards. At the signal the 
starter starts the watch and at the same time pronounces the word 
on the top card. As soon as S in front cognizes the word, he responds 
by pronouncing the top word on his pack. This continues around 
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the circle to the starter, who stops the watch. As the word is pro- 
nounced the card bearing it is placed at the bottom of the pack. 
This procedure is repeated from the twenty cards. 

Results. Subject’s report. Were the words uniformly familiar? 
What was the effect of any unfamiliarity ? 

Experimenter’s report. Construct,a table of times for each set of 
words and calculate final results as in Experiment 4. 

For discussion and inference see Experiment 4. 


READINGS. 15: 212; 18: 438. 


EXPERIMENT 7A. To compare Free Associative Reaction Time for 
Concrete and for Abstract Words (Two Students) 


Material. Two lists of forty words each, to be used as stimulus 
words, one list containing only concrete words and the other only © 
abstract words; chronoscope (Sanford vernier type is recommended ; 
for description and directions see Experiment 8A); sheet for record- 
ing the time of response and the response word. Stimulus words may 
be found in the texts given in the bibliography, but in that case they 
should always be in groups of twenty each and typewritten for class 
use. Sample lists are given on the opposite page, and these may be 
used if the subject has not read them. 

Procedure. To distribute the effects of practice reactions, present 
first twenty concrete words followed by twenty abstract words; 
then return to concrete words, and finally give twenty abstract. 
E gives the ‘“‘Ready”’ signal each time before presenting a stimulus © 
word; presentation may be either visual or auditory, but the mode 
selected must be uniform throughout. 

Results. Subject’s and experimenter’s reports. Table III suggests a 
form for recording and presenting the results. Observe that there are 
two sets of results: (1) response words, (2) the time in seconds. Both 
should be examined critically by E and S together. The response 
words often point to a ‘“‘set,’’ or complex, to which they belong. 

Discussion of results. The responses in this table were made by a 
professor of biology. The usual response to ‘‘ant,” if orally presented, 
is “uncle,” but in this case ‘“‘hole’”’ (entrance to ant’s nest) was given. 
“‘“Board”’ occurs three times in response to names of objects made of 
wood, which was probably due to the fact that the subject was an 
expert on the strength and structure of different kinds of woods. 

The average reaction time to abstract words (see Table III) was 
somewhat longer than that to concrete words. That the difference, | 
0.17 sec., was not greater may be due to the fact that the subject 


TABLE III. ASSOCIATION REACTIONS TO CONCRETE AND ABSTRACT WORDS 


CONCRETE WORDS 


Number | Stimulus | Response 
i Rey ant hole 
Qi. bath water 
ee bird fly 

7 butter | soft - 
ae, car - | apple 
6. cottage | house 
fen flag pole 
So5 fan Japan 
De garden | man 
10. hammer | nail 

5 Oe light lamp 
h ae moon sun 
13 . music play 
1 ocean water 
Lo. river water 
16: salt sugar 
io _ ship boat 
18. soldier | man 
19\". fly fly 

20 stork baby 
ok. sweater | coat 
Does table board 
23 fife drum 
24 window | frame 
25 book leaf 
26 braid ribbon 
27 cake dough 
BOY cough disease 
29°. desk board 
30 dish crockery 
31 floor wood 
32 hat head 
33 ink write 
34 paper write 
35 lodge person 
36 marble | roll 
37 orange | juice 
38 pie eat 

39 porch board 
40 house cottage 


ABSTRACT WORDS 


Time in 
Seconds 


Average 
= 2/05 


Stimulus Word 


anger 
ability 
order 
anxious 
bravery 
candor 
conscience 
consequence 
crude 
copious 
capricious 
curious 
association 
calamity 
daring 
devout 
defeat 
diffidence 
demure 
destroy 
doubt 

duty 
eminent 
eligible 
emancipation 
erroneous 


‘error 


envy 
faith 
fury 
fame 
fidelity 
fashion 
generous 
gaiety 
glamour 
gravity 
honor 
horror 
aim 


Response Word 


mad 
good 
fine 
hopeful 
soldier 
angry 
mind 
result 
rough 
fat 

run 
queer 
connect 
fatal 
brave 
love 
beat 
rush 
meek 
devil 
run 
wore 
great 
good 
proclamation 
wrong 
wrong 
love 
hope 
mad 
hope 
love 
dress 
hopeful 
bright 
green 
fall 
obey 
bad 
gun 


Time in 
Seconds 


Average 
= 2.20 
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was well educated. Individuals of limited or grammar-school educa- 
tion give unusually long reactions to abstract words. 

These two series of reaction times present a problem that often 
occurs when it is desirable to compare the relative stability of two 
series. 

Mathematicians offer several ways for determining the stability 
or, in other words, the reliability of the differences between two 
averages. The value of the reliability of such differences is theo- 
retical, but it furnishes an approximate answer to the question How 
many times in a hundred will the amount and direction of difference 
occur between two series of reactions obtained under similar con- 
ditions? Such a value is called the coefficient of reliability of the 
difference between arithmetic means. 

The essential steps in the computation are as follows: 

1. Compute the averages for each series. In the present experi- 
ment the average for the concrete series is 2.08 sec. and for the 
abstract series 2.20 sec. . 

2. Find the average deviation (A.D.) of the responses from the 
arithmetic mean (average). The average deviation for the concrete 
series is 0.575 sec. and for the abstract series 0.709 sec. 

3. Determine the variability of the arithmetic mean (M.V.). This 
is the ratio of the average deviation to the square root of the number 
of responses (measures) in the series.! The formula is 


M.V.ay = A.D. 
Vn 
Substituting, 
Q.5 55> e001 
M.V. ay. = —— = —— _ = 0.09, 
V40 6-324 for concrete responses ; 
MOV ag: = Oe ee = Oe 


V40 = (6.824 for abstract responses. 


4, Compute the coefficient of reliability of the difference between 
the arithmetic means. This coefficient consists of the ratio of the 
difference between the arithmetic means to the square root of the 
sum of the squares of the variability of the two arithmetic means. 
Let pi Eat 

M.V.p. 
difference between the arithmetic means and M.V.p. is the square 


stand for the coefficient of reliability, where D. is the 


1Read symbol M.V.ay., “variabilty of the arithmetic mean or the common 
average.” 
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root of the sum of the squares of the two variables.! Also let A 
represent mean variations of the average (M.V.ay.) for concrete re- 
sponses and B the similar value for abstract responses. Whence, 


Ep Spiele ae 
M.V.p. WA? + B? 


By substitution, 


D. a Oath es ee 12 
M.V.p. 0.092 + 0.112 OMe 


In order to find the actual number of chances in a hundred cor- 
responding to the coefficient obtained, consult Table 49 in the 
Appendix. When the coefficient is 1.2, the chances are eighty-three 
out of one hundred that approximately the same amount and direc- 
tion of difference would occur between the two series of reaction 
times. 

Were you impressed by many response words at any one time? 
Was there an element of choice in the response? Indicate the key 
word and see if you can explain the reason. Why do we begin with 
concrete words? Why do we change to abstract words? Why do 
the times for concrete and for abstract words differ? Does this proc- 
ess resemble any mental process that you have experienced in 
daily life? Compare your free-association time with choice time 
and with simple-reaction time as to length. 


EXPERIMENT 7B. To diagnose Specific Mental States by the 
Use of Free Association (Class Experiment) 


Note. This exercise is given not for its value to applied psychology, but 
for its training in critical observation of results. The account given is a 
report of an actual experiment and serves merely as a suggestion. 


Material. It is evident that different material for the experiment 
here described must be provided each time. 

A chronoscope of the Sanford type is suggested for this kind of 
work or, better still, the Johns Hopkins chronoscope, which, of 
course, requires a special mode of procedure. 

Procedure. Students serving as subjects were first assembled in 
the same room to receive directions, the observers being excluded. 
The subjects were divided into three groups: Group I was in- 


1Read the denominators, M.V.p., of the symbol for the coefficient of reliability, 
“the square root of the sum of the squares of the variability, M.V.av., of the arith- 
metic means.” 
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structed to report to Room A for further instruction, Group II to 
report to Room B for a similar purpose, and Group III merely to 
return to the laboratory for routine work. In Room A an assistant 
was waiting with a doll in a doll carriage. As each student entered 
in turn, not knowing what awaited him, the assistant directed him 
to roll the carriage across the room a certain number of times. In 
Room B a second assistant presented in turn to members of Group II 
a box of candy wrapped in a special manner in tissue paper and tied 
with a ribbon. The subject was told to open it, take out a piece of 
candy, eat it, tie the box up as before and return it. As soon as the 
subjects carried out the directions they were instructed to return 
to the laboratory and go on with their work. Only the assistants 
and the instructor knew what the subjects had to do in Rooms A 
and B, and as it was done during a laboratory period there was no 
opportunity to compare notes. On return of all to the laboratory 
the instructor presented for reaction a list of fifty or sixty words 
previously prepared. These words were of two classes: (1) those 
having no reference to the special experiences in Rooms A or B (that 
is, indifferent words); (2) ‘critical’? words, referring to reactions. 
A list is given below. The critical words are italicized. 


1. wheat 11. chalk 21. shovel 
2. straw 12. plate 22. boat 
3. flaxen 18. carriage 23. chair 
4. label 14. paper 24. untie 
5. cat 15. box 25. roll 
6. hair 16. sack 26. bitter * 
7. bread 17. pencil 27. tisswe-paper 
8. dress 18. candy 28. taste 
9. river 19. deer 29. sweet 
10. doll 20. string 30. eat 


Results. Subject’s report. This should account for associated words. 

Experimenter’s report. Two aspects of the responses were noted: 
(1) the key words that had comparatively long reaction times, 
that is, words to which the responses with associated words were 
considerably delayed; (2) the character of the associated word. 
These special key words, their long reaction times, and the associated 
words were then grouped and compared in order to see if they re- 
vealed a specific experience to which Groups I and II had been sub- 
jected. Group III was able to identify the special experience from 
such a critical study. 

Discussion of results. In order that the entire class may benefit by 
such an experiment, questions should be asked by the instructor to 
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develop and clear up the different aspects of the experiment. What 
was the purpose of having Group III in the experiment? What was 
the value of having two separate experiences, the candy-box expe- 
rience and the doll-carriage experience? Is there any connection 
between the evidence as furnished by irregular time reactions and 
the quality of the reaction? 


READINGS. 12: 219-269; 23: 324-3827. 


EXPERIMENT 7C. To determine Partially Constrained Reaction 
Time (Two Students) 


NoTE. Tostudy the principles involved in partially constrained and wholly 
constrained association reactions, respectively, observe that the key words 
in Experiment 7C may be responded to by a limited number of reaction 
words, but in Experiment 7 D the key word admits of only one reaction word. 


Material. A list of twenty-five transitive verbs ; stop watch or clock. 

Procedure. The transitive verbs are arranged in a vertical column, 
as were the words in Experiment 7A. The lists are distributed 
blank side up. At the usual signal S turns the paper over and begins 
with the top word, writing after it a noun which completes the action 
expressed by the verb; for example, “‘write’’ — “‘letter.”’ S pro- 
ceeds down the list as rapidly as possible. E observes and records 
the time. S now rewrites the nouns just written, E keeping the time 
required, as mechanical time. Deduct this latter time from the total 
time and divide the remainder by 25 for average rate. 

Results. Subject’s report. Did you discover any connection be- 
tween the character of the verb and your own personal experience? | 
Would verbs call up several words at the same time? How did you 
account for this? What sort of inhibition is this? 

Experimenter’s report. Thisshould consist of the list of associated 
nouns, that is, the objects of transitive verbs, and the average reaction 
time duly computed for partially constrained association. 


EXPERIMENT 7D. To determine Wholly Constrained Reaction 
Time (Two Students) 


Material. A list of twenty-five words which have opposites ; 
stop watch or clock with second-hand. A Sanford chronoscope may 
be used to record the time. 

Procedure. Place the prepared list before S blank side up. At 
the usual signal S turns the paper over and begins with the top word, 
writing after it its opposite; for example, if the word is ‘‘east,”’ 
‘west’ is written. S proceeds down the list as rapidly as possible. 
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E observes the time as before, and S rewrites the words of the list 
of opposites just written, E keeping the required time. 

Results... Subject’s report. Note the factor of familiarity of the 
word of apparent ambiguity. Was there a tendency to give a syn- 
onym? Account for this. Can you explain particularly long or short 
reaction times? (Chronoscope work.) 

Experimenter’s report. List the words as written and compute the 
time. Study the results for synonyms, for ambiguous words, and 
for unusually long or short reaction times if a chronoscope is used. 

Discussion of results. Comparison of timesin Experiments 7D and 7c. 

With the experimental procedure given in the reaction-time ex- 
periments as listed above the following table has been obtained from 
the records of two hundred and twenty individuals: | 


TABLE IV. AVERAGE RESULTS OF TWO HUNDRED AND TWENTY INDIVIDUALS 


SIMPLE REACTION TIME IN SECONDS CoMPOUND REACTION TIME IN SECONDS 
ARCS rr =i, © coe ita 0.222 |. Diserimination® (4.4) as eee 0.484 
USEC CEE RS a2" 3.0752) fo ER 0:219), | Choicev:s> , oF ee ee ee 0.878 
SST 0 ar SS a eA 0.2388 .1--Cognition: 2. fasta ee eee 0.551 

Free association’ . 2 4a 0.866 


Inference. An inference should be given here for Experiments 7 A 
to 7D, inclusive, defining associative-reaction time and the types 
studied, giving durations found and the principle involved in 7B. 


MEASURING REACTION TIME WITH INSTRUMENTS 
OF PRECISION 


The following exercises on reaction time give opportunity for 
Individual work and for becoming familiar with the use of an 


instrument of comparatively high precision. After Experiments — 


8 A} 8B, and 8¢ have been completed, a comparative discussion oe 
should follow. . See 


EXPERIMENT 8 A. To determine Simple Reaction Time to Touch | 
(Two Students) 


Material. Sanford’s vernier chronoscope; tabulating paper. 
The vernier chronoscope depends upon the application of — 
principle of the vernier to time. The essential structures fe) 
chronoscope are shown in the sak: soleus ose photoesit si 
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TABLE V. RESULTS FROM SIMPLE REACTIONS TO ToUCcH 


” 


TRIAL j| STIMULUS eg at ’ SUBJECT’S REPORT 
| j Anxiously waited for the stimulus, won- 
15 Au es ea ud Bo) CC) a 0.20 dered if I would be ready: tightened my 


finger on the key 
; (Stimulus was so long in coming that I 
ree es) Touch 0.22 i thought E was trying to catch me un- 
awares; counted swings of short pendulum 
Wondered if I was doing my part of the ex- 
on ae ge Touch 0.20 . periment correctly; imaged the swinging 
pendulums 
Thought of Mrs. X and her lecture on 
(hair Touch 0.18 .Courts of Justice; surprised to find I re- 
acted almost automatically 
An itchy feeling where the stimulus is ap- 
Denys: Site Touch 0.20 plied; key finger feels too slack, reaction 
seems slow 
panes sean 0.18 Ci area E’s movements; scarcely noticed 
stimulus when I reacted 
iss B entered the room and I thought of 


Mi 
ete) 5 Touch 0.22 { ‘work I had to do for her 


Wondered if I kept mind on stimulus if the 
ay a Touch 0.20 f reactions would be more uniform 
Oe eets ohD OURS [7 es O88 No report 
mor! ae Power 0.24 | Wish I could rest now 
Average = 0.202. Mode=0.20 Median = 0.20 - 


EXPERIMENT 8c. To determine Motor Reacdon Time to Touch 
(Two Students) 


Note. This experiment is conducted in exactly the same manner as the 
two above, with the exception that S’s attention is given to the movement 
that releases the short pendulum. S and E each perform thirty trials. 


Results. Record results, tabulate, and compute as in the two 
preceding experiments. Also arrange the averages, the modes, and 
the medians of Experiments 8 A, 8 B, and 8 c for purposes of com- 
parison. Note the changes that occur in S’s reports of Experiments 
8 Band 8c. 

Discussion of results. After studying your own results and reading 
one or more of the standard texts listed on simple reaction time, 
answer the following questions: Of the three types of reaction time, 
—natural (or central), sensorial, and motor,— which shows the 
: highest uniformity, that is, constancy in response? How may the 
ae laud be ten? Which of the three types shows the ae 
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amount of improvement? If the motor type of reactions had been 
performed first, the natural type second, and the sensorial type last, 
would the results have been materially changed? How may the 
effects of habit and fatigue be eliminated from the results of the 
three types of reaction time? 

Inference. ce <5. ek WE A NS ee 


EXPERIMENT 9. To determine Simple Auditory Reaction Time 
(Two Students) 


Material. Chronoscope; eight-penny nail or penknife. 

Procedure. S makes the same adjustments in these experiments 
as in the three preceding ones, closing his eyes before each trial and 
maintaining as comfortable a position as possible. E gives the signal 
‘*“Ready,” and S places his right forefinger on the key of the short 
pendulum; then after one or two seconds E taps the key of the long 
pendulum with the flat surface of the nail head, making a sharp, 
metallic sound. S releases the short pendulum as soon as the sound 
is heard. After ten trials E and S exchange places. Each should 
make thirty trials, performing the motor reactions first, the sensorial 
reactions second, and the natural reactions last. 

Results. Record results, tabulate, and compute averages, me- 
dians, ete., as in preceding experiment. 

Discussion of results. Is there any ground for believing that touch 
reactions have in part, at les st, an innate neuro-muscular mechan- 
ism? Can the same answer be made regarding the responses of the 
hand-to-sound stimulus? Compare the range of improvement of the 
touch-hand reactions with those of the ear-hand responses. Com- 
pare them as to uniformity. Compare your results as to rate with 
those given in standard texts. 

Inference.” 2) 2 ae Se ee 


EXPERIMENT 10. To determine Simple Visual Reaction Time 
(Two Students) 


Material. Chronoscope provided with the following accessories: 
a bit of cotton wool under the stimulus key to deaden sound; a 
stimulus card of white or colored paper 5 mm. square placed in the 
jaws of the receiving clip St (Fig. 1, p. 43) situated on the horizontal 
arm; a small screen card cut to a convenient size and fitted into the 
jaws of the bull-dog clip Scr. 

Procedure. S should be seated so as to observe easily the re 
card when it is exposed. E calls ‘Ready’ and removes the screen 
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automatically from the stimulus 1 when pressing the key of the 
long pendulum. E and S each make thirty trials in determining 
each of the three types of visual reaction time. 

Results. The results are to be used in the same way as those of 
the two preceding experiments. e a comparative table showing 
the averages, medians, and modes for the three types of reaction to 
touch, auditory, and visual stimuli. 

Discussion of results. As the reactions become more habitual, does 
the character of the subject’s report undergo an appreciable change? 
Which type of reaction shows the greatest tendency readily to 
become habitual? Upon what evidence do you base your answer? 

OE PED GULLS ES SY SM SINGS LI Oo eget 0 Ee Cc en ca 


EXPERIMENT 11. To determine Discriminative Reaction Time 
(Two Students) 


Note. Exercises for measuring other compound forms of reaction time 
may readily be devised. 


Material. Chronoscope; four bits of colored paper; for example, 
blue, green, red, and yellow, each 5 mm. square. 

Procedure. S is told the four colors that will be used but does not 
know which one in any particular trial. E places the stimulus paper 
in the clip and calls ‘‘Ready”’ and after a short interval exposes, say, 
the red paper by releasing the stimulus key. S calls ‘‘Red”’ as soon as 
the color is recognized and simultaneousl,’ releases the short pendulum. 

The experiment is repeated sixteen times, varying the sequence of 
colors. E should expose a gray or a white paper occasionally. 

Results. Compute the average and the median. Work out dis- 
cussion and inference as usual. 


OTHER EXPERIMENTS IN MOVEMENT REACTION 


EXPERIMENT 12. To determine the Precision of Voluntary 
Arm-Hand Movement (Two Students) 


Note. Precision of movement was investigated first in this country by 
W. L. Bryan in 1892, and later, in 1903, by T. L. Bolton and others. The 
apparatus used by Bryan was standardized as to form and size by G. M. 
Whipple in 1910, and is recommended for experimental purposes (see tracing 
board in Fig. 2, p. 48). 


Material. Fig. 2 shows the several pieces of apparatus assembled 
for use. A sounder S is preferred to an electric bell, as the ring of 
the latter is too distracting. The metal stylus for tracing is 1 mm. 
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in diameter and moves on a glass strip in the bottom of the groove. 
The sides of the groove consist of two brass strips 25 em. long placed 
0.5 em. apart at one end and 0.2 em. at the other. Since the groove 
decreases in width at a uniform rate from the large to the small end, 
it follows that the decrease per centimeter is 0.12 mm., for 


0.5 em. — 0.2 em. 

25 
Table VI shows the width of the groove at each centimeter on the 
scale and also the extent of lateral deviation from the mid-line of 


== 0:01 2:en or0s1Zemm. 


Fic. 2. Apparatus for testing precision of movement 


M. St., metal stylus; S, sounder 


the groove whenever the stylus touches the brass strip at that point 
of the scale; these extents are computed by taking half the dif- 
ference between the entire width of groove at point of contact and 
half the diameter of the stylus. Half of the diameter of the one in 
Fig. 2 is 0.6 mm.; thus: 

4,04 — 0.5 


2 


4.04 mm. being the width of the groove at the 8-centimeter point 
and 0.5 mm. half the diameter of the stylus. 

A tracing groove with different dimensions would require, of 
course, the computation of a new table. 


ol keh, 
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TABLE VI. WIDTH OF TRACING GROOVE PER CENTIMETER AND POSSIBLE 
EXTENT OF STYLUS DEVIATION 


CENTIMETER WIDTH 


EXTENT OF CENTIMETER Wipr EXTENT OF 
DEVIATION m) 
ON SCALE | (MILLIMETERS) Niuean oN ScALE  |(MILLIMETERS) RTH ey 

0 5.00 YD PANS 13 3.44 eA 

il 4.88 2.19 14 Bisa 1.41 

eZ, 4.76 2.13 15 3.20 13 

3 4.64 PAVE 16 3.08 1.29 

4 4.52 2.01 del 2.96 123 

5 4.40 1.95 18 2.84 peg 

6 4,28 1.89 19 2.12 Vital 

a 4.16 1.83 20 2.60 1.05 

8 4.04 VTE 21 2.48 0.99 

9 3.92 Esra die 2.36 0.93 


Procedure. Concerning this experiment Bryan observed that the 
position of the instrument in relation to the body, the muscles em- 
ployed, the support of the muscles used, the distance moved affecting 
-yariously readjustments of the muscles while in motion, and the 
rate of motion all affect the results. In the present experiment con- 
fine your study to three factors: (1) the effect of direction, (2) the 
effect of handedness, (3) the effect of rate of movement. 

Two series of observations are made, the first one at a rate of 
motion such that the entire groove is run in 12 sec. and the second 
one at a rate that runs the groove in 8 sec. In each series twenty 
tracings are made in each of four directions: (1) moving out from 
body, (2) moving in, (3) moving to right, (4) moving to the left. 
Make ten trials with each hand for the directions specified, beginning 
always, of course, at the wide end and moving at an even, continuous 
rate. The stylus is held pen-fashion and the arm and hand, unsup- 
ported, move from the shoulder. For the moving-out trial place the 
tracing board on the table so that the groove falls in line with the 
median plane of the body. S should make a few preliminary trials 
preceding both series to become familiar with the rate of moving. 
_ E gives ‘Ready, go” signal before each trial. When the experiment 
proper begins, a click from the sounder S is a signal for S to stop 
instantly and hold the stylus in place (but not against the brass 
strip) until E takes the reading. By referring to Table VI deviations 
in millimeters can be read off and entered on the record sheet. 
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For example, if the stylus made contact with brass strip at the 
10-centimeter point, the amount of deviation is 1.65 mm., or if the 
stylus touched at 10.5 cm., then by interpolation the reading would 
be 1.62 mm. Make five trials with each hand, alternating the right 
and the left hand; then turn the board through 180 degrees and 
trace toward the body, making five trials with each hand, alter- 
nating as above. Make the same number of trials, moving from 
right to left and from left to right of the median plane of the body. 
Now place the board in the first position, with the groove extending 
in front of the body, and make five more trials with each hand, 
alternating, thus making a total of ten trials with each hand. Con- 
tinue the round in the same manner: toward the body, to the right, 
and to the left, until ten trials are entered for each hand in all four 
directions. E and S now exchange places and repeat the first series. 
The second series had better be done at a later sitting. 

Results. The headings given here suggest a form for entering the 
records. 


TABLE VII. THE EFFECT OF RATE, DIRECTION, AND HANDEDNESS ON | 
ACCURACY OF MOVEMENT 


RATE TWELVE SECONDS PER TRIAL RATE EIGHT SECONDS PER TRIAL 


TRIAL Out In Right Left Out In Right Left 
Li} Re Le Ree WR ea ii ls Lees Res Cie ae elena aie et yenuuelee 
Uae Fok foe cee 
age en mes ae 
Soe ts ehh ee 
etc. 


_ Discussion of results. Compare the averages of the total (80) de- 
' viations for each rate. Compare the averages of total deviations for 
right and left hand, respectively, for each rate separately and for 
both rates combined. Are your hands, as a rule, equally precise and 
- accurate? What do the results indicate about the relative precision 
of your hands? Compare likewise the averages for out and in direc- 
tions. Treat similarly tracings for left and right directions. Did your 
tracings improve with repetition? From your experience in this 
experiment and from that in doing other things with your hands, 
what do you regard as the chief factors in voluntary movements? 
Have you convincing evidence that the results were affected by a 
change of attitude? of attention? 

inference. ___ 2. JL. ee a ee eee 


MOVEMENT 51 


For special reading see: 


BryAN, W. L. “On the Development of Voluntary Motor Ability,” 
American Journal of Psychology, Vol. V (1892), pp. 538-72. 

HANCocK, J. A. ‘Preliminary Study of Motor Ability,’ Pedagogical 
Seminary, Vol. III (1894), pp. 9-29. 

LANGFELD, H. 8. “Voluntary Movement under Positive and Negative 
Instruction,” Psychological Review, Vol. XX (1918), pp. 459-478. 

WHIPPLE, G. M. Manual of Mental and Physical Tests, Simple Processes, 
pp. 151-155. Warwick & York, 1910. 

WoopwortTH, R. S. “The Accuracy of Voluntary Movement,” Psy- 
chological Review, Monograph Supplement, Vol. III (1899), pp. 2-53. 


EXPERIMENT 13. To determine the Effect of Suggestion 
on Involuntary Movements and Steadiness 


Material. Ataxiagraph; steadiness headboard; glazed paper; 
gum camphor; artist’s fixing solution; wire clips. 

One form of an ataxiagraph is shown in Fig. 3. It consists of 
two metal tubes (bamboo or other tough reed material would do 
equally well); the outer tube O.C. is 90 cm. long and 1.4 em. in 
diameter; the inner tube, moving freely in the outer, is 8 em. long 
and lcm. in diameter; a tracing-point, or stylus, 7'.P., moving 
freely, vertically projects 1.7 cm. below the end of the inner tube. 
The lifting pin is used to raise the stylus slightly whenever the latter 

‘presses too hard on the smoked paper. The long tube secured by a 

clamp is adjustable to the subject’s height. The headboard may be 
made by tying with strong cord a heavy piece of cardboard, 20 cm. 
by 25 cm., to the top of an outing cap. A mortar board will answer 
the purpose. Several such headboards of different sizes should be 
made. Affix the glazed paper to the cardboard with wire clips and 
blacken it with camphor smoke. It is then ready to be tied on the 
subject’s head, the cord passing under the subject’s chin. 

Procedure. 1. Preliminary. Before beginning the experiment 
proper it is necessary to determine S’s ‘‘normal”’ head-body steadi- 
ness. Do this by taking four tracings as follows: E requires S to 
stand erect directly under the ataxiagraph, hands at sides,' heels 
almost touching and toes out soldier-fashion. If S is a normal adult 
person, the area of the smoked paper may be divided into four quar- 
ters and one tracing made in each quarter. Subjects suffering from 
static ataxia require the entire area of the paper (see case 5 in Fig. 4, 


1 Professor Jastrow has designed automatographs for studying involuntary move- 
ments as expressed by the hands. See special reading at end of experiment. 
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also cases 1 and 2 showing typical extent of normal tracing). E now 
adjusts the stylus to the center of one of the quarters of the card- 


A B 


Fig, 3. Ataxiagraph 


A, instrument with support rod and guy wires; 
a, tracing-point. B (inset), enlarged view of two 
tubes and tracing-point; L.P., lift pin; O.C., 
outer tube: J.C., inner tube; 7..P., tracing-point 


board and instructs S to 
close eyes and to hold 
head and body still for 
one minute. E gives the 
signal ‘“‘Now’’ at the be- 
ginning of the minute 
and ‘“‘Stop”’ at the end. 


-S relaxes head and body 


while the stylus is being 


_adjusted for a new tracing. 


As soon as four tracings 


- are secured EK: removes the 


headboard and immerses 


the tracings in the fixing 


solution. 

2. Procedure proper. The 
experiment proper may 
now begin. The success of 
the work depends upon 
S’s maintaining an im- 
personal attitude toward 
the probable results and 
keeping a _ steady head; 
breathing should be mod- 
erate and uniform. Just 
before the signal ‘“‘Now’”’ 
is given for each tracing 
S is instructed to think of 
himself as making a fa- 
miliar movement (to be 
suggested by E, of course), 
while trying to maintain a 
steady head. Four sample 
movements are here sug- 


gested, and the student is referred to Jastrow’s Fact and Fable in 
Psychology (pp. 807-836) for a wide range of suitable suggestions. 
First suggestion. Imagine yourself running rapidly around a cir- 


cular dining-room table. 


Second suggestion. Imagine that you are pulling only on the right 


oar of a rowboat. 


5 


Fic. 4. Tracings of involuntary movements of normal adults and children, 
also of two astatic children. See text for description 
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Third suggestion. Think of writing your name from right to left, 
beginning the first initial at the extreme right of a page and finishing 
with the last letter of your surname to the extreme left. (Make sure 
that S understands the suggestion before giving the signal.) 

Fourth suggestion. Think of swimming rapidly on your back. 

E then gives signal ‘‘Now”’ and starts the stop watch, and S tries 
to keep body and head steady for one minute. Stylus is adjusted 
for second tracing. For correct identification, number each tracing 
as soon as it is finished and mark points of starting and stopping; 
they are then ready for the fixing bath. 

Results. Mount the tracings with suggestions and those without 
suggestions on separate sheets. The amount of unsteadiness or — 
swaying movement may be expressed in linear or in areal units. If 
in the former, the amount of anterio-posterior and of lateral swaying 
is shown in centimeters, and if in the latter, the unit of measure is 
square centimeters. The areal method is recommended for measur- 
ing pathological unsteadiness and the linear method for the effects 
of artificial stimuli on normal steadiness. Fig. 4 shows tracings 
made by six subjects in a comparative study of normal and defec- 
tive steadiness and also of adult and child steadiness. 


TABLE VIII. HEAD-BoDy SWAYING 


AREAL UNITS OF 
CASE Sex AGE PHYSICAL UNSTEADINESS 
CONDITION (SQUARE 
CENTIMETERS) 
we ped so heants are rns Female | 20 Normal 3.57 
Zi ces, Sipe Female 19 Normal 3.60 
SET eM eer Laie Male 10 Normal 18.00 
AAG Been iF. s re aes Male 6 Normal 18.06 
Set ee ena « Male 10 Defective in 
motor control 148.50 
Greiche See eee Male 9 Nervous and 
excitable 21.00 


To measure the anterio-posterior and the lateral swayings use a try- 
square and a millimeter scale. Draw an anterio-posterior line passing 
through the starting-point of the tracing; then draw a lateral line ~ 
at right angles to the former, intersecting at the starting-point. 
Such a drawing of lines shows the effect, if any, of the suggestion on 
involuntary movement. 

Discussion of results. The record should state whether or not S had 
anticipated or knew what the outcome of the experiment would be. 


- 
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For special reading see: 

Hancock, J. A. “Preliminary Study of Motor Ability,’ Pedagogical 
Seminary, Vol. III (1894), pp. 9-29. 

JASTROW, JOSEPH. Fact and Fable in Psychology, pp. 308-336. Houghton 
Mifflin Company, 1900. 

TITCHENER, E. B. Experimental Psychology: Instructor’s Manual, Qualita- 
tive, pp. 158-162. The Macmillan Company, 1901. 


EXERCISES 


Reaction time is defined in the introduction as the interval be- 
tween the application of a stimulus to the subject and his response 
to it in a prescribed manner. It is presumed that the response is 
made as soon as the subject is aware of the stimulus. The reaction- 
time situation, therefore, consists of the following phases: (1) known 
stimulus, (2) known response, (8) response following immediately 
on awareness of stimulus. 

In the following exercises, pick out the true reaction-time situa- 
tions, and identify the kinds (for example, simple, visual; com- 
plex, choice; etc.), giving phases. 

1. Answering red and green signals in traffic. 

2. Response to signals in gymnasium exercises, as ‘‘Right,”’ etc. 

3. At a dinner, forks, knives, and spoons are at one’s place. One 
uses them at the proper time. 

4, At a dinner the hostess presses a button. The maid comes to 
remove the dishes. 

5. Games, as ““Tag,”’ *‘Drop the handkerchief,” etc. 

6. Response of Mohammedans to the muezzin’s call to prayer. 

7. A young man, after debating whether to attend Harvard, 
Yale, or Princeton, decides on Yale. 

8. The fire alarm rings and response is made by the fire 
company. 

9. An automobile bound for a certain place comes to a crossroad 
with finger boards. The driver notes his destination and turns into. 
the proper road. | , 

10. A mother calls her child by name, and he comes. 

11. John is invited to Mrs. B’s and.Mrs. C’s for the same date 
to dinner. There is a pretty girl at Mrs. B’s, but Mrs. C always has 
oe best dinner. John goes to Mrs. C’s. 
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12. Separating breeds of chickens on a farm. 


13. The gong rings for the horse race to begin, and the start is 
made. 


14. The mechanic watches for a certain signal from his machine, 
and acts when he sees it. 


15. Large and small peanuts are sorted in a peanut factory. 


16. The conductor on the street car receives a fare; he pulls a 
rope. He wishes the car to stop; he pulls another rope. 


17. Mary goes to a store to buy a dress. She looks at a red one 
and a blue one. Red is more becoming, but blue is the style, and 
Mary buys the blue one. 


18. Hamlet’s final decision, “‘not to be.” 


19. The pistol shot is given, and the trained animal starts his 
performance. 
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CHAPTER IV 


SENSATIONS 


1. This great source of most of the ideas we have, depending wholly upon 
our senses, and derived by them to the understanding, I call SENSATION. 
JOHN LOCKE, Human Understanding, Vol. I, Bk. II, p. 226 


2. A sense organ is a portion of the body that has very high sensitivity to 
some particular kind of stimulus. — R. S. WoopwortH, Psychology: A 
Study of Mental Life, p. 188 


3. Sensation is a purely mental fact, which is only referred to a bodily 
fact by way of explanation of its origin. — G. H. Lewis, Problems of Life 
and Mind, p. 262 


4, The analysis of complex objects may be carried to such a point that 
we obtain factors which resist any further analysis. Such factors, for 
example, are redness, sweetness, and cutaneous pain.... These ultimate 
results of analysis are called simple sense data. — KNIGHT DUNLAP, Ele- 
ments of Scientific Psychology, p. 38 


TOPICAL OUTLINE 
General Problems 
A. Innate characteristics 
I. Criteria of sensations (probable number) 
II. Relation to other kinds of reaction 
B. Physical conditions 
I. Stimulus 
1. Amount 
a. Minimal 
b. Maximal 
c. Range 
2. Kind 
a. Mechanical energy 
b. Chemical energy 
c. Radiant energy 
d. Vibratory energy: ether, air 
II. Receptors, proprio-ceptors, intero-ceptors, extero-ceptors 
1. Distribution 
2. Essential structures 
3. Protective and accessory parts 
4. Relation to afferent neurone 
III. Neural tissue | : 
1. Afferent neurones (arrangement of) 
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2. Central neurones 
a. Sensory area (receiving surface, general and special) 
b. Association area (integrating and differentiating areas) 
c. Motor area (general and special) 
3. Efferent neurones 
IV. Reactors 
1. Muscles (striped and unstriped) 
2. Glands (with and without ducts) 
3. Vascular systems 
4, Cortical neurones 
C. Attributes 
I. Common 
1. Quality (number and kind) 
2, Intensity 
3. Vividness 
4, Value or tone 
II. Pseudo-attributes 
1. Duration (initial and terminal lag, latent period) 
2. Extension and volume ao 
III. Special a 
. Adaptation 
. Contrast 
. Fusion and blend 
. Mixture | 
. After-image, perseveration:: 
. Fatigue 
D. Function 
I. Make experience possible 
1. Specialize experience 
2. Increase variety of experience 
II. Make initial adjustments: warn, protect, guide 
III. Furnish elemental esthetic experience 
Special Problems 
A. Relation between amount of stimulus and intensity of sensation 
I. Limen 
1. Threshold 
2. Difference 
3. Upper 
II. Methods 
1. Minimal changes 
2. Average error 
3. Right and wrong cases 
4. Order of merit 
B. Number and classification of elemental sense qualities 
I. Basis of classification (character of stimuli, quality of sensation) 
C. Genesis of the senses in the individual 
I. Periods of development (differences in sense acuity) 
II. Impairment of the senses with age and by use 
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INTRODUCTION 


Problems furnished by sensation. Two names are used to 
designate the ultimate kinds of conscious experience: ‘‘sensa- 
tions”? and “feeling” (affection). The experiments of this 
chapter are confined to the problems of sensation. General 
problems relate to the innate character of sensations (including 
their relation to other kinds of reaction), to their physical con- 
ditions, and to their attributes and réles in human behavior. 
Special problems seek to determine the quantitative relation 
between varying amounts of stimulus and corresponding sensa- 
tion intensities, to find useful ways for classifying sensations and 
their respective stimuli, and to set up criteria by which the 
elementary senses may be satisfactorily identified. A compara- 
tive study of the senses belongs to the field of comparative 
psychology and involves the study of their evolution in animal 
life as well as their genesis and development in the individual. 

1. It is obvious that sense organs are inherited and that they 
attain functional maturity unaided by experience. But that 
sensations are innate is not so apparent, partly on account of the 
fact that we seldom associate the principle of innateness with 
conscious experience of any sort. And yet functional maturity 
of any sense organ means that its use is accompanied by sense 
experience. ‘‘ The senses are provided by nature and the funda- 
mental use goes with them. The child does not learn to see or 
hear.... He gets sensations as soon as his senses are stimu- 
lated’ (26: 187). Conscious experience as meaningless sensa- 
tions is an innate reaction. 

2. With a few notable exceptions our sense organs are modified 
epithelial cells connected with afferent neurones, usually pro- 
vided with protective and accessory tissues, and capable of 
changing physical energy into a nerve impulse; or, according to 
one author, ‘“‘a sense organ is a portion of the body that has 
a very high sensitivity to some particular kind of stimulus” 
(26:188). 

The structural parts of a sense organ concerned in the first 
experiment on the sense being studied should be drawn and duly 
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labeled ; a mere inspection of models, sections under the micro- 
scope, or the figures in a text does not give adequate working 
knowledge of the anatomy of the senses. Drawings should be 
made not only of the more complicated organs — eye, ear, taste 
bud, touch organ, etc. — as a whole but also of one or more of 
the essential parts in detail, furnishing a close-up view.! 

3. All sensations as such possess certain characteristics in 
common which are termed their properties, or attributes. The 
attributes generally agreed upon are quality, intensity, and 
clearness. Quality, as an attribute, endows the sensation with 
its individuality and is the means by which a particular mode 
is distinguished from every other; it also gives the particular 
sensation its distinctive name; for example, ‘pressure,’ 
“warmth,” “yellow,” “‘sweet.’’ Intensity is the amount of the 
sensation and is referred to as its strength or weakness, loudness 
or faintness, brightness or dullness, weight or lightness. Such 
expressions as ‘“‘pale green,” “shrill note,’”’ ‘‘intensely bitter” 
relate to the attribute of intensity of these several sensations. 
The property of clearness, or vividness, determines the place 
of sensation in consciousness with respect to so-called focal and 
marginal areas. A vivid sensation occupies the focus or fore- 
ground in consciousness, while the less vivid, or obscure, re- 
mains in the marginal field. It is believed that this attribute of 
sensation is an index to the readiness of the motor centers of the 
cortex to discharge into the centrifugal neurones. 

4. Certain accompanying aspects of a sensation, such as 
temporal, spatial, and affective tone, are regarded by some au- 
thorities as real attributes, but as they do not form integral 
parts of the experience in question they are here termed pseudo- 
attributes. Temporal and spatial aspects of a sensation may 
justly be regarded as a part of the condition in which it appears 
and runs its course. Affective tones are more adequately ac- 
counted for as independent mental elements having their own 
attributes. 


1 Satisfactory results may be secured by having drawings made from balopticon 
projections on an aluminum screen. This enables a large class of students to use 
the same specimen at the same time. Diagrams, photographs, and figures taken 
from textbooks and other sources make suitable slides for a balopticon. 
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5. In addition to common attributes there are special attri- 
butes peculiar to certain sense modes but in greater or less 
prominence, depending on the mode. (The term ‘‘mode,” as 
here used, designates a homogeneous group of sensations sepa- 
rated from other groups common to the same sense; for 
example, warmth and cold sensations may be referred to as the 
warmth and the cold mode, respectively. The same usage 
applies to chromatic and achromatic visual sensations, etc.) 
These attributes are adaptation, contrast, fusion and blend, 
mixture, and after-image. Fatigue is sometimes included in this 
group, not as an inherent property but as a striking character- 
istic of certain sensations, such as smell, taste, and touch. 

6. The functions of sensations are several: they furnish the 
primary elements of all knowledge; they specialize experience 
in that ‘teach sense organ furnishes us its own particular kind of 
information in its own particular way”; they instigate move- 
ments other than those supplied by innate mechanisms and 
thereby extend the range of possible adjustments; they furnish 
elemental zesthetic experience common to vision, sound, taste, 
smell. The earlier view limited their function to that of furnish- 
ing the elements of knowledge, but the influence of the doctrine 
of evolution on the interpretation of mental function developed 
the notion that the primary réle of sensation is the arousal of 
movements which supplement and eventually replace in part 
the native reaction. 

Special problems and methods. The relations between stimulus 
and sense organ, between sense organ and sensation, and in- 
directly between stimulus and sensation furnish a wide range 
of problems, which were the first to receive scientific treatment. 

1. A study of the relation between stimulus and sense organ 
has reciprocally extended our knowledge of both and raised 
problems for further study. The arrangement of the retina 
into different zones of sensitivity to the same hue, and the varia- 
tion in the response of the taste buds according to their location 
in the tongue, are illustrations of facts learned in such studies. 
The anatomy and physiology of these structures give no clue to 
such facts. 
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2. A study of the relation between sense organ and sensation 
reveals knowledge of each in the same reciprocal fashion. The 
criterion of a sensation is the presence of a distinct and special 
sense organ, and likewise the specific energy of a sense organ is 
attested by the uniform quality of the sense reaction. 

3. Observations on the relation between stimulus and sensa- 
tion have led to the formulation of several methods designed to 
control the order and amount of stimulus applied to a sense 
organ and to maintain uniformity in both space and time units 
in applying the stimulus and in the reaction to it. These 
methods, which are described briefly in connection with the 
experiments in which they are used, are known as psycho- 
physical. Their use has contributed much of permanent value 
to psychology. Among the achievements the following may be 
named: (1) The determination and expression of stimulus in 
mathematical units — movement stimulus is expressed in milli- 
meters (mm.); auditory, in vibrations per second (V.S.); 
tactual, in milligrams (mg.); temperature, in degrees Fahren- 
heit or centigrade (F. or C.); brightness, often in candle 
power (C.P.). (2) The determination of minimal and maximal 
reactions of a given sense quality. These extremes of reaction 
are often termed the lower and upper limits of sensation intensi- 
ties. Closely allied to these determinations is that of difference 
threshold!; that is, the least perceptible difference between two 
sensation intensities of the same quality. These differences, 
when expressed in relation to the total stimulus, form a constant 
ratio within a limited range of intensities of the same sense 
mode. (8) The determination of individual differences in sensi- 
tivity, in the acuity of discrimination, in comparison of judg- 
ment, and in the influence of fatigue and practice on output 
of work. 

4. The problem of classifying stimuli, sense organs, and sensa- 
tions has been but partly solved ; it will doubtless form a field 

1 The threshold of sensation, sometimes referred to as the limen, is the least 
intensity of a sensation that is just observable, and the stimulus by which the 
sensation has been aroused is termed the just observable stimulus. Obviously the 


threshold shifts or changes with conditions of fatigue, states of expectancy, and 
familiarity with the stimulus. 


64 PSYCHOLOGY BY EXPERIMENT 


for study and discussion for some time to come. Since these 
three are so intimately related in psychology, it is obvious that 
the classification of one of the factors will affect the other two; 
hence it has come about that the more useful classifications have 
taken all three into account. For further discussion see 1: 67-68 ; 
4: 40-48; 23: 55-57; 28: 95-100. © 

The experiments that follow have been selected with a view 
to inducing students to formulate the more common laws re- 
lating to sensation and to become acquainted with some of the 
methods used in this field. 


DERMAL SENSES 
SENSATION OF PRESSURE AND OF TOUCH 


The purpose of Experiment 14 and of similar ones following 
is to show the sensitivity of the sense organ, its particular kind 
of stimulus, and the threshold above which stimuli must pass 
to cause sensation. 


EXPERIMENT 14. To determine Just Observable Stimulation 
of Pressure: Method of Minimal Change (Two Students) 


Material. Needle and thread; two dozen pieces of thin card- 
board 1 cm. square, each weighing from 0.03 to 0.04 g.; piece of 
chamois skin 2 cm. in diameter. 

Procedure. Increasing the weight. S lays hand on table palm 
side up and closes eyes. E places chamois skin on S’s palm posterior 
to middle finger and, by means of the thread, slowly lowers the card- 
board until it rests on the chamois skin. S is told to say ‘‘yes”’ if the 
cardboard is sensed; it is improbable that two or three pieces will 
be felt. E takes up the card by the string and strings another bit of 
ecard on the thread and applies the weight as before. Cards are 
added, one at a time, until S responds ‘“‘yes.’”’ To check the responses 
S is required to answer when no weight is sensed. E counts and 
records the number of pieces of card strung on the thread. © 

Decreasing the weight. With chamois skin at same place on the 
palm E places on the string double the number of cardboards giving 
the just noticeable pressure sensation found above, and S responds 
as before. E now removes one card from the stack, not from the 
thread, by pulling it up to the eye of the needle. The weight minus 
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the one card removed is again lowered and a response called for. 
This is repeated until S answers ‘“‘no.’”’ E now counts and records 
the number of cards that failed to produce a sensation. 

Repeat both ascending and descending series. 

Results. Experimenter’s report. Give the number of pieces of 
card used in the increasing series and the final number used in the 
decreasing series, and also the weight of the total number of cards 
used. Divide the total weight by the number on the string to obtain 
the weight per card. Knowing the weight per card, compute in 
milligrams the weight for both increasing and decreasing series. The 
average of these weights is the just observable stimulus for passive 
pressure sensation. 


SAMPLE OF TYPICAL RESULTS 


Number of cards sensed on ascending series = 8; 
weight = 8 x 0.0312 g. = 0.2496 g. 
oe of cards sensed on descending series = 15; 
weight = 15 x 0.0312 g. = 0.4680 g. 
Number of cards sensed on ascending series = 11; 
weight = 11 x 0.0312 g. = 0.3482'e: 
Number of cards sensed on descending series = 14; 
weight = 14 x 0.0312 g. = 0.4868 g. 
Average of four determinations = 0.3991 g. 


Discussion of results. Why was the chamois skin used? Why was 
its weight ignored in computation? Look up some other method 
for determining just observable stimulation for pressure. 

Inference. Let your conclusion state the meaning of the just observ- 
able stimulation for pressure. 


READINGS. 4: 151-152; 6: 283; 10: 862-865; 19: Part Ty pt 1393: 203926- 


EXPERIMENT 15. To determine the Just Observable Stimulation 
of Touch (Two Students) 


Material. Ten small corks.3 em. in length; horsehair and human 
hair, varying in degrees of flexibility; sensitive balance; sharp 
knife; rubber stamp. The following pressure values of hairs have 
been found practicable: 0.07 ¢., 0.01 g., 0.04 ¢., 0.06 g., 0. 08 g., 
ore 0.25 g., 0.48 g., 0.56 g., O02". 

With the aid of the scale pan of the sensitive balance, meléots a 
series of ten hairs varying in flexibility.; arrange them roughly in 
the:order of their’ ‘flexibility. Set each hair‘in a separate-eork holder 
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by drawing it firmly into a slit in the cork to the depth of 1 cm. 
Clip the hair close at one end and allow it to project 1.5 cm. at the 
other. Determine with care the touch value of each hair by pushing 
it down vertically in the pan of the balance and taking the reading 
just as the hair is about to bend. Print on the end of the cork the 
weight thus registered. This weight is the touch value of the hair 
held by the cork. Treat the other nine similarly, making a series of 
ten touch values in milligrams. 

~ Procedure. 1. Preliminary. S places his hand and forearm, volar 
side up, on a table, and E marks with the rubber stamp one hundred 
cross sections 1 mm. square, on the palm just back of the ring finger, 
on the wrist, and on the upper arm. E takes a cork and explores a 
row of square millimeters as made by the rubber stamp on the fore- 
arm for definite touch sensations; the cork should be held vertical to 
the surface and make a visible depression in the skin at each point 
of application. To avoid tickling sensations, push the cork down 
firmly and steadily. S, with eyes closed, says ‘‘ There’’ when a clear, 
definite sensation is aroused. E marks an ink ring around the point. 
Search is similarly made for a definite touch spot on the wrist and on. 
the palm of the hand; a ring is placed around each. 

2. Procedure proper. S is seated comfortably at table with eyes 
closed and forearm resting on table. E takes the most flexible hair 
of the scale and presses it down on the touch spot located on the fore- 
arm, and S says ‘“‘There”’ if touch sensation is aroused — which is 
highly improbable with this high degree of flexibility. Use the same 
hair in touching the spot found on the wrist and the one on the palm. 
In every case hold the hair perpendicular to the surface and press 
down firmly and steadily until it begins to bend. E now takes 
the hair with the next lower degree of flexibility, as indicated by the 
milligram weight, and applies it to the same touch spots on the 
forearm, the wrist, and the palm. This order must be strictly fol- 
lowed to avoid fatigue and effects of summation; only a single pres- 
sure is made at a time on each touch point in question. As soon as 
the palm has been touched the round is begun over again with a 
hair of the next lower degree of flexibility. The chances are that S 
will first respond ‘‘There’’ when the palm is stimulated. If so, E 
records the flexibility of the hair in milligrams and continues to 
apply, in turn, only to forearm and to wrist hairs of less and less 
flexibility. When the forearm only remains, the applications of the 
hairs should be made at 45-second intervals to avoid fatigue and the 
effect of summation. Three records of threshold intensity in terms 
of milligrams are now entered. At a later sitting, using the same 
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touch values, the same spots should be investigated in the same order 
to obtain a set of check results. 


Note. It is not advisable to apply the hairs in the reverse order, that is, 
increasing flexibility, owing to fatigue and the persistence of after-images in 
the touch spots. (E should take the hair that gave no response to the three 
tested and apply it to the lips and the tip of the nose.) 


Results. Experimenter’s report. Show the first and the check results 
and the average of the two for each of the three points tested; thus: 


TABLE IX. COMPARATIVE AMOUNT OF JUST OBSERVABLE TOUCH STIMULUS 


PALM WRIST FOREARM 


Mirst results, ho. ere Me: ee IN MoD Bar at 
M@heeksresults . oS eo Ae ao An ize (2 Gries 
AVerave ere dacs Se es BPC ng Pore WANT 0 1 ae a IN Ge 


Discussion of results. What other kinds of apparatus do you find 
in standard texts for determining threshold stimulation for touch? 
Do your results approximately agree with those found in the texts? 
What are the sources of error in this experiment? Suggest means for 
reducing the error to a minimum. Do your results show a law for 
stimulus threshold of touch when the threshold values for the three 
points tested are compared? 

Inference. Give a law of absolute sensitiveness to touch. 


READINGS. 10: 365; 20: 927. 


EXPERIMENT 16. To map Touch Spots on Back of Hand 
(Two Students) 


Material. The less flexible bristles with holders used in Experi- 
ment 15; scissors; reading-glass; square-centimeter rubber stamp ; 
cross-section paper. 

Procedure. S places clenched hand on table, dorsal side up, and 
E marks off with the rubber stamp a square centimeter on the 
interosseous space between the second and third metacarpals. HE 
locates with the reading-glass the hairs on S’s hand and makes a 
map of them on cross-section paper. As the hairs are located and 
mapped, they are cut away with the scissors. E now applies the 
bristles to each square millimeter, skipping none, along one side of 
the square. Apply the bristles firmly and steadily and hold them 
vertical to the surface. S says ‘‘There”’ when a clear sensation is 
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felt, and E at once makes a dot at the point on the map on the cross- 
section paper which corresponds to the point stimulated. When one’ 
row of square millimeters has been tested, the next parallel line is 
examined ; this is continued until the whole square has been worked 
over. After an interval of twenty minutes, the square is worked 
over again by following the lines in the opposite direction; a second 
map is made from the results obtained for this test. 

Results. Subject’s report. Do the touch spots appear to have 
size? If so, what is the shape? Are they of the same apparent depth 
and of the same degree of vividness? Did the stimulus arouse other 
sensations, and if so, what? 

Experimenter’s report. Show the two original maps and a third 
map made from combining the results of the other two. In the third 
map indicate by crosses touch points of exceeding vividness as in- 
dicated by S’s report. Indicate by circles any pain points that were 
discovered. 

Inference. Work out your discussion and inference as usual. 


READINGS. 16 Part I: 10; Part II: 4-5; 20: 921-924: 28: 58-60. 


EXPERIMENT 17. To study Inhibition of Pressure (One Student) 


Material. Small dish containing mercury to the depth of 5 cm.; 
3-gallon bucket of water at 20° C. 

Procedure. S dips forefinger slowly into the dish of mercury and 
observes the pressure sensation; he then moves his finger about in 
the mercury and observes the effects. S next submerges his arm in 
the water and observes the sensations. 

Results. Subject’s report. Where was the pressure felt on the 
forefinger in the mercury? Did the sensation of pressure increase 
with the depth in the mercury? Was there any increase in intensity 
as the arm was submerged in the water? Where was the sensation 
of pressure felt on the arm? 

Discussion of results. Explain how contrast enters into this experi- 
ment. Why do we not feel atmospheric pressure? 

Inference... 2.) GeO 5 So 0 ee eee oe 


EXPERIMENT 18. To study Exhaustion of Touch (Two Students) 


Material. Bristle with pressure capacity not exceeding 30 mg. 
set in holder as for touch spots. | 

Procedure. E finds a touch spot on the back of S’s hand and 
touches it regularly every two seconds. S, with eyes closed, makes a 
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sign every time he feels a touch. After a short time S will be unable 
to feel the touch. 

Results. Subject’s report. Was there a gradual decrease in intensity 
of sensation or a sudden cessation ? 

Experimenter’s report.. Give the number of stimulations necessary 
to exhaust the touch point. 

Inference. Work out your discussion and inference as usual. 


EXPERIMENT 19. To make a Summation of Touch Stimulus 
(Two Students) 


Material. Bristle with pressure capacity of not more than 2 mg. 
set in holder. 

Procedure. E finds a spot on the back of S’s hand where two or 
more furrows meet. He takes a bristle fine enough to give no sensa- 
tion when pressed until it bends slightly. S closes his eyes and E 
applies the bristle until S gives the signal that he has felt a touch 
sensation. The bristle must always come down on its end and on 
exactly the same spot on the skin, stimulations being given rapidly 
every two or three seconds. 

Results. Subject’s report. Is this sensation different from that pro- 
duced by a single stimulus? 

Expervmenter’s report. What is the number of stimulations neces- 
sary to produce sensation ? 

Discussion of results. Can you suggest how these physiological 
effects are summed up, in the end organ of touch, or in the brain, or 
are both equally involved? 

Inference. What law has been illustrated ? 


EXPERIMENT 20. To determine the Space Threshold of Touch 
Discrimination: Weber’s Sensory Circles (Two Students) 


Material. Franz’s simple double-point zsthesiometers; drawing 
paper; prepared tables. 

A simple instrument sufficient for the purposes of this experiment 
may be made by cutting two narrow strips from light tin about 8 cm. 
long, narrowing one end of each to a rounded, smoothed point, and 
riveting the large ends together, using it in connection with a milli- 
meter scale. | 

Procedure. Draw in ink on the palm of the hand, the middle 
part of the forearm, and the back of the neck two lines, about 50 mm. 
in length, bisecting each other at right angles, one lying along the 
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longitudinal and one along the transverse axis of the part in question. 
The zesthesiometer is to be applied along these lines. S lays his fore- 
arm on the table, volar side up, and closes his eyes. E applies the 
zesthesiometer to the prepared parts, taking care that the points 
touch the surface simultaneously and that the pressure used is just 
sufficient to give a well-defined sensation of contact. A few pre- 
liminary trials are made to determine roughly (1) the smallest dis- 
tance apart possible for the points to be clearly perceived as two, and 
(2) the greatest separation which will permit the perception of two 
points as one. This will suggest roughly the limits within which the 
experimental series will fall. 

Beginning on the palm with a distance between the points which 
will give two clearly perceived sensations, E makes a series of trials, 
decreasing the distance between the points until S calls out ‘“‘One.”’ 
This distance is recorded as the just unnoticeable distance. 

The just noticeable distance is obtained by starting with the 
points so near together that only one sensation is felt and increasing 
the distance until S calls out ‘“‘Two.’’ Five determinations are 
made of the just unnoticeable and of the just noticeable distances in 
both lengthwise and crosswise directions on the three parts of the 
body mentioned above, and the results are recorded in the tables 
which have been prepared. 

Cautions. 1. S must keep the eyes closed and give great care to 
making accurate responses. S should not know his results. 

2. E must be careful to have the two points touch the skin simul- 
taneously and with equal pressure, — the least necessary to produce 
a touch sensation. 

3. Above all, the skin must not be fatigued. This may be avoided 
by going from one part of the body to another when E notices results 
which may indicate fatigue. 

4, Sometimes one point alone should be used. 

Results. Experimenter’s report. Make tables with averages for 
every column. The arrangement in Table X is suggested. 

Sensory circles. The sensory circles are constructed for each part 
studied by taking as the vertical diameter the average of the just 
unnoticeable and the just noticeable lengthwise distances (why ?) and 
for the crosswise diameter the average of the like distances in the 
crosswise direction. The three circles, — for the palm, forearm, and 
back of neck, — drawn accurately on drawing paper according to the 
experimental measurements, form an objective representation of the 
relative touch-discrimination thresholds in the lengthwise and cross- 
wise directions. 
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TABLE X. SPACE THRESHOLD FOR TOUCH DISCRIMINATION 


I. JUST UNNOTICEABLE DISTANCE 


PALM FOREARM NECK 
TRIAL rs mara 
Lengthwise | Crosswise | Lengthwise | Crosswise | Lengthwise | Crosswise 


OrRWNH 


Average 


II. JUST NOTICEABLE DISTANCE 


oe W PD ke 


Average 


Average of 
just un- 
noticeable 
and just 
noticeable 


Discussion of results.,On which part is the finest discrimina- 
tion found? Where the least fine? Is discrimination better length- 
wise or crosswise? Explain. Explain the meaning of the sensory 
circles. Which is shorter, the just noticeable or the just unnoticeable 
distance? Why? 

Why are the just noticeable and the just unnoticeable differences 
averaged to obtain the space threshold? (23: 187) Why should 
S be kept in complete ignorance of his judgments? Are there any 
results of practice? Are any double perceptions of single-point 
stimulations noted by E? How are they explained? What changes 
in results might be expected if the touch stimulus were applied to the 
tip of the finger? to the lips? to the upper arm? Explain what is 
meant by the threshold of sensory discrimination. What definite 
law can be obtained from this experiment? What is preperception 
here? Does it form an error? Does this error tend to reénforce or 
cancel the error of expectancy? Can you give examples of other 
fusions of sensations? 
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Inference. State the law of space-threshold discrimination. 


READINGS. 4: 152-158; 6: 284-285; 9: 337-340; 10: 396-402; 18: 
216-219; 20: 928-933; 21: 74-81; 28: 186-194; 25: 160-162. 


THE TEMPERATURE SENSES 


EXPERIMENT 21. To locate Cold and Warm Regions on the Face 
(Two Students) 


Material. Nails kept warm (40° C.) in hot sand; nails cooled by 
snow or ice water; drawing paper. 

Procedure. All students prepare for use, on aa paper, a 
large diagram of the face with two parallel lines about an inch apart 
inclosing an area extending in circular fashion over the forehead, 
just above the eyebrows, over the cheek bones, and across the chin. 
E marks out a similar area on S’s face with soft pencil. Then, begin- 
ning at the center of the forehead, with a cold nail wiped dry he 
explores this area with a slow and uniform motion and not too heavy 
pressure, holding the nail at right angles to the face. S indicates 
when the cold sensation is felt, and E marks down on the diagram 
tiny circles (O) in the cold areas. Several tracings should be made 
within the marked region, but the same part should not be gone 
over twice. E and S exchange places, and the process is repeated. 

The same procedure is gone through with warm nails. The warm 
nails should be decidedly warm (about 40° C.) but not hot. The 
warm areas are indicated by tiny cross marks (X). 

Caution. Neither cold nor warm nails should be used long, a 
fresh one being chosen before the temperature changes to any extent. 

Results obtained here roughly indicate warm and cold areas. 
For more accurate work consult 23: 57-60, or other standard works. 

Results. Represent results by a diagram of the face bearing the 
symbols O and X, respectively, showing the relative positions and 
frequency of the two regions. 

Discussion of results. Are cold or warm spots more numerous? 
Can you find any spot responding with the same sensation to warm 
and cold nails? (See 26: 198 — paradoxical cold sensation.) Which 
regions are more difficult to locate, warm or cold? Which are more 
_ sharply localized (definite) ? What are the temperature sense organs? 
Inference. State the law of distribution of temperature regions. 


READINGS. 10: 344-845; 19 Part 1: 7; 20: 945-965; 21: 82-85; 25: 
158-159. 
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_ EXPERIMENT 22. To observe Temperature Adaptation 
(One Student) 


The purpose of this experiment is to show how the body becomes 
adapted to temperature conditions, so that the sensation of warmth 
or cold is not a measure of temperature, but of difference in tem- 
perature between the body and its surroundings. 

Material. Large vessel of water at 10° C. and one at 18° C.; 
two thermometers; ice. 

Procedure. Hold the hand for one minute in the vessel of water 
at 10° C., then transfer 
iteortnatwat (Lo CO. 
holding it here until 
the sensation becomes 
constant. 


Note. For this and the 
following experiment mon- 
itors may be appointed to 
keep the water in the vari- 
ous vessels at the required 
temperature, making the 
experiment a cooperative Fic 5. Flow of heat in adaptation 
one. The thermometers | 
must be observed every four minutes and the temperature kept constant 
by the addition of ice or hot water as needed. 


10=-C. 18°C. 


Results. Make diagrams indicating the flow of heat. 

Subject’s report. What sensations are felt in the first case? What 
initial and what final sensations are felt in the last case? 

Discussion of results. Explain the opposite thermal sensations. 
How is contrast illustrated here? How is adaptation illustrated ? 

Inference. State the law of adaptation to temperature. 


READINGS. 10: 347; 12: 66-67 ; 19: 10. 


EXPERIMENT 28. To find the Physiological Zero (One Student) 


Material. Three vessels, each containing about one gallon of water 
with temperatures respectively 20° C., 30° C., and 40° C.; ice and 
hot water; stop watch or clock. 

Procedure. S puts three fingers of one hand into water at 20° C., 
three fingers of the other hand into water at 40° C. After they have 
been held for forty-five seconds in the same position, both sets of 
fingers are transferred into the water at 30° C. 


74 PSYCHOLOGY BY EXPERIMENT 


Results. Make diagrams of the hands in the three vessels, in- 
dicating the flow of heat by arrows, as shown in Fig. 6. 


S05G. 40° C. 


Fic. 6. Flow of heat in producing physiological zero 


That degree of temperature which excites no sensation of heat or 
cold is called the physiological zero. Usually it is the normal body 
temperature. 

Discussion of results. Explain the shifting of the physiological 
zero in the three cases, showing how the experiment illustrates 
adaptation. How is contrast illustrated here? Why should one 
always regulate room temperature by a thermometer rather than by 
one’s feelings? Why does one feel uncomfortably cold on going from 
a warm room into the cold air? Explain later sensations. Give 
three other common examples of this principle. Upon what does 
the effect of a thermal stimulus depend ? 

Inference. Give as inference the law of shifting of the physiologi- 
cal zero. 


READINGS. 147/983 -10+-366> 172° 70:719%-9. 


KINASTHETIC SENSES 


These senses produce awareness of movement, of resistance, 
of strain, and of bodily position (equilibration sense). The 
sense organs are in the striped muscles, the tendons, the joint 
surfaces, and the joint capsules. The réle of these senses in 
the perception of weight, of space, and of rhythm forms one 
of the most important sets of problems in psychology. Their 
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presence is not so striking and compelling as that of eye, 
ear, taste, etc., and on that account oe command but little 
attention in ordinary life. 


EXPERIMENT 24. To discover the Threshold Stimulus for Weight 
(Two Students) 


Material. Finger stall for index or middle finger with a fine silk 
thread 30 cm. long attached to the tip end; pin bent like a fish hook 
fastened by its head to the farther end of the string; nine beads 
weighing respectively 2, 3, 4, 5, 6, 7, 8, 9, 10 g.; piece of cloth 8 in. 
by 10in. Beads weighing from 7 to 10g. may be trimmed from 
lead and pierced with a hole. 

Procedure. S places the stall on the index finger and rests the 
arm comfortably on the table; the palm is up and projects over the 
edge of the table; the string to the stall is slack with the pin hook 
lying on the cloth supported by a chair. E places the 2-gram bead 
on the pin hook and requires S to raise finger and hand, bending 
from the wrist, through an arc of about 35 degrees and then slowly 
to lower the hand to the table. It is important that the rate of raising 
and lowering should be slow and uniform. S responds “‘yes”’ if a 
weight is felt, ‘‘no’’ if it is not felt. Repeated up-and-down move- 
ments are not allowed in sensing a weight. As a check require S 
to raise the hand with no bead on pin. Try next successively the 
3-gram weight, the 4-gram weight, the 5-gram weight, and so on 
until S, being sure that the weight has been sensed, answers ‘“‘yes.”’ 
(S should know the direction in which the weight is changing.) 
Call the weight first sensed stamulus threshold weight increasing. E 
now reverses the process and begins with the 10-gram weight. 
S answers ‘‘yes”’ at each lift. The procedure continues with the 
9-gram weight, 8-gram weight, and so on down until S responds 
‘**no.”’ Call the last weight unsensed stimulus threshold weight decreas- 
ing. Repeat both series once more, observing the same precautions 
throughout. . 

Results. Hxperimenter’s report. Make this in tabular form, 
‘showing the weight in grams for both ascending and descending 
series. Average of four trials is the stimulus threshold for lifted 
weights. 

Discussion of results. What error is caused by knowing in which 
direction the weight is being changed? What condition in the 
experiment produces preperception? What error is caused by the 
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fact of preperception? For the relation between the error of expect- 
ancy and that of preperception, see the discussion of Experiment 20. 

Inference. Include in your inference the definition of stimulus 
threshold for weight and the result obtained. 


READINGS. 4: 154; 16: 192-197, 241; 19: 344-349. 


EXPERIMENT 25. To study the Effect of Rate, of Space, and of 
Order on Sense of Resistance (Sensations to ‘‘Lifted Weights’’) 
(Two Students) 


Material. Two support rods; string 2 ft. long; metronome; a 
weight of 1 kg. or sad-iron with holder; three weights of same size 
and shape, two weighing 90 g. each and the third, 92 g. 

Procedure. 1. In all lifting grasp the weight between the thumb 
and first and second finger and lift from the shoulder. Lift the 
1-kilogram weight twice, lifting it first to a height of 12 in. at the 
most natural and convenient rate, and the second time very slowly, 
beginning with less than the necessary effort and gradually increas- 
ing it until the weight rises and is lifted to the former height. Com- 
pare the weights for the two trials. E keeps the record. 

2. Tie the string to the support rods at a height of 12 in. above the 
table in order to control the height of the lift and raise the 90-gram 
weight until the wrist touches the string, allowing four seconds for 
raising and lowering the weight. Then raise the weight to a height of 
6 in., allowing four seconds as before. E records S’s judgments. 

3. S is seated squarely in front of a table. Two weights of 90 g. 
each are placed side by side and 4 in. apart on the table in front of S. 
S lifts first the weight on his left with his right hand to a conven- 
ient height and at a natural rate and then the other in the same way 
with the same hand and compares the weight of the second with the 
weight of the first, saying ‘‘Lighter,’’ ‘‘Equal,”’ or ‘‘ Heavier.” 
Repeat twice. S now lifts the weights in the same order with the 
left hand, always comparing the second with the first. The same 
procedure is used with a 92-gram weight. Three trials are made. 

Results. Experimenter’s report. Show S’s judgments in brief form 
as follows: A weight lifted slowly is __ ___ than when lifted _____. 
A weight lifted a short height is _____ than when lifted higher. 
A compared weight equal or slightly heavier than a standard weight 
is judged _____ than the standard weight. 

Inference. Summarize your results in a general statement. 


READINGS. 16: Part I, 206; 19: 26-27. 
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EXPERIMENT 26. To study the Sense of Resistance (Two Students) 


Material. Rubber band about 4 in. wide; string; heavy weight ; 
small rod; small box of sand or sawdust. 

Procedure. 1. Grasp the ends of the rubber band firmly between 
the thumb and index finger of each hand; stretch the rubber its 
full length and then allow it slowly to return to normal slackness. 
Observe the sensation that occurs just as the elasticity of the rubber 
ceases to pull. 

2. Tie one end of the string to the weight and the other end to the 
small rod (S should not know the length of the string). E places the 
rod in S’s hand, and he then lowers the weight slowly and at a uni- 
form rate until all the weight rests on the sand. It requires close 
observation to sense the resistance, but when once sensed, it is 
unmistakable. i 

Results. Subject’s report. State where the resistance is located in 
both responses, 1 and 2. Where are the sense organs of resistance 
located ? 

Inference. State the law of projecting touch sensations. 


READINGS. 4: 102; 19: 26-27, 33-34; 20: 1012-1018, 1021, 1024. 


EXPERIMENT 27. To determine the Stimulus Difference Threshold 
for Lifted Weights (Two Students) 


Material. Three sets of nine weights each, uniform in size and 
shape; support rods; screen curtain; prepared tables, two for 
each set of weights. 

The weights of each set form a consecutive series differing by a 
1-gram increment. The mean weights, two for each set, of the three 
sets, form a geometrical progression (for example, 16, 32, 64). Boxes 
for weights may be made from paper tubes, 1 in. in diameter, the 
bottoms being made from adding-machine paper and the tops sealed 
over with tissue paper. 

Procedure. E and S are seated on opposite sides of a small table 
with screen curtain between them. Set the standard (or mean) 
weight on a cross mark on a sheet of paper in front of S. The com- 
pared weight is always placed on the same side of the standard. 
Both weights, standard and compared, must be lifted to the same 
height and at the same rate. Stretch a string above S’s wrist to 
control height. For rate, one second for lifting and one second for 
lowering has been recommended. Time for presenting the compared 
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weight and recording S’s judgment may be from three to four sec- 
onds. The rate adopted should be kept as uniform as possible. 
E plans beforehand the manner for presenting the weights. As 
there are an equal number of weights above and below the standard, 
four possible orders exist: (1) above standard, decreasing to stand- 
ard; (2) below standard, increasing to standard (represent the 
order thus: ——> S. <~—); (8) from standard, increasing; and (4) 
from standard, decreasing (represent the order thus: <—— S. —>). 
Assuming that the first or second order is used, E begins by placing 
the heaviest or lightest weight beside the standard. S lifts first the 
standard and then the weight to be compared and judges whether 
the second of the pair is heavier, lighter, or equal. E continues to 
present the weights in pairs, consisting of standard and each weight 
in sequence, until S fails to sense a difference between the standard 
and compared weights. E records only when the judgment is ‘““equal”’ 
(using sign ‘““=’’). Present the standard first in half of the trials; 
but in the other half, when it is presented second, the judgment 
must always refer to the compared weight. Now and then repeat 
with the same weight and also with the extra standard, but make 
no record of judgments. Continue until ten judgments of “‘equal”’ 
are entered above and below the standard. The procedure is now - 
repeated, with the difference that E uses the third or fourth order 
and begins with the standard weight and the one next above or 
below and continues until S replies ‘‘Greater”’ (sign ‘‘+’’) or ‘“‘Less’”’ 
(sign ‘“‘—’’). Entries in table to right of standard, or above standard, 
will be ‘“‘+.’’ At the left of standard they will be ‘‘—.’’ Now con- 
tinue the experiment with the next higher set of weights — for 
example, mean 386 g. — observing the same conditions as outlined 
above. Use of the third set had better be postponed to a later sit- 
ting to avoid fatigue. 

Results. Experimenter’s report. This should show six tables after 
the three sets of weights have been used and three general summaries, 
one summary for two tables having results of the same set of weights. 
Table XI and summaries of two tables show sample results. 

Discussion of results. The average, 2.4 g., is the threshold of differ- 
ence when the 16-gram weight is used as a standard. The ratio of 2.4 
to 16 is approximately 1/7. This ratio should be compared, of 
course, with those obtained when using the 32-gram and the 64-gram 
weights, respectively, as standards under the same conditions. These 
ratios should show a constant relation and as such would demon- 
strate Weber’s law for lifted weights. Consult the readings given 
below or other methods of using lifted weights to demonstrate the law. 
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TABLE XI. RECORD OF JUDGMENTS OF EQUAL LIFTED WEIGHTS 
Plan: —~>S. <—— 


WEIGHT IN GRAMS 


NUMBER OF TRIALS ‘ g 
Reems lets Geib bag) (a7 | 18 ||) 19° | 20 
Total judgments 2 4 6 3 1 
ae| 
AVERAGE BELOW S. AVERAGE ABOVE S. 
| kent OR i ites BA 
AX k = Ag OX be = 4679: 
A X02) seat Rig, Se Reg Ones 
2x 3 = 6¢. 1x 3= 3g. 
18 g. Lie: 
Average = 1.8 g. Average = 1.5. 
1. Average of weights not perceptibly greater than standard =1.5¢g. 
2. Average of weights not perceptibly less than standard = 1.8 ¢: 
3. Average of weights just perceptibly less than standard = 3.4, 
4. Average of weights just perceptibly greater than standard = 8.2 g. 
9.9\-e. 


Average = 2.4 g. 


Inference. Let your inference be a statement of the law based upon 


the results of your own work. 


READINGS. 4: 124-125; 10: 363-364; 20: 1022-1024. 


- EXPERIMENT 28. To study Motor Attunement (One Student) 
Material. Three weights: No.1, a weight of 650g.; No. 2, a 


weight of 850 g.; and No. 3, a weight of 2 kg. 


Procedure. Lift the heavier of the two small weights, 850 g., 


with the left hand, and the lighter, 650 g., with the right hand, 
observing the difference in weight. Now lift with the left hand the 


1F. = frequency; D. = amount of difference in grams. 
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2-kilogram weight twenty-five times. At the twenty-sixth lift change 
to weight No. 2 and lift with the left hand. Then with the right hand 


lift weight No. 1. At once compare weight No. 2 with weight No. 1 


under the conditions of the final lifting. 

Results. Subject’s report. State the rate at which the heavier 
(weight No. 2) of the two compared weights was lifted. Also state its 
weight compared with weight No. 1. 

Discussion of results. Several factors may conspire to produce at- 
tunement. E. C. Sanford observes that “‘by practice the nervous 
centres discharging into the muscles that raise the 2 kg. weight 
become accustomed to a larger discharge than that required for the 
small weight, and do not at once re-adapt themselves, but supply 
too great a discharge: hence the weight rises with greater rapidity 
and consequently is pronounced lighter.”’ 

Inference. What is the meaning of motor attunement? 


READINGS. 16) Part 1n5207-2137 1974276 


EXPERIMENT 29. To determine the Stimulus Threshold 
of Movement (Two Students) 


Material. Arm board for the forearm and hand, hinged and 
counterbalanced as shown in Fig. 7; a millimeter scale is attached 
to the upright for use 
in reading the arc of 
movement. 

Procedure. S places 
his relaxed arm and 
hand on the arm board 
and closes his eyes. E 
very slowly and uni- 
formly raises or lowers 
the free end of the 
arm board by press- 
ing down or lifting the 
counterbalance. S says 
“There”? as soon as 
movement is sensed. 
E observes and records 


Fic. 7. Apparatus for stimulus threshold i 
of movement the reading of the 


pointer just as S sig- 
nals. S must be careful not to mistake the sensation of increased 
pressure or of jar for that of movement. Make twenty trials. 
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Repeat the procedure, this time E moving the counterbalance rather 
rapidly but without jerks. Make twenty trials. Uniformity of rate 
is very essential. 

Results. Subject’s report. Where was the sense of movement 
chiefly located? Do the readings in millimeters, taken at the signals, 
contain an error? If so, in what direction? 

Experimenter’s report. Show the results in the form of a table, 
as in Table XII. Sample results given here are only approximations. 
What errors are involved in the use of such an apparatus? 

Cl CHGU mma eee Cree te 


READINGS: 4:.119; 10: 364; 22: 357. 


TABLE XII. STIMULUS THRESHOLD OF MOVEMENT 


SLOW SERIES FAST SERIES 
B= pt Be Ds 
eXtra —en PAS ih Caan 
AX 4G ak em i727 
AS a igi KG) TX 6,35 
A XenG = 24 Cae isa 2A 
PED <p emis WF tip rary Gm sae fg 
3 pee Rese tyes aK Sr 16. 
Daw Oa 20 Ps > Ge ett —N 1G 
1 ep eo 3) aby gb ea Quen) 
eel eee 

Average = 6.7 Average = 5.5 


EXPERIMENT 30. To determine the Threshold of Difference: Active 
Movement. Method of Average Error (Two Students) 


Material. The same as in Experiment 29. 

Procedure. Use two distances, 10cm. and 20 cm., respectively, 
for the standard distances of movement. Let a trial consist in making 
(1) a standard movement (for example, 10 cm.) and (2) a movement 
_which § feels to be just less or just greater than the standard. E sets 
the pointer of the arm board at a convenient starting-point. S closes 
his eyes and makes the standard movement, always starting from 
the same point. E stops the arm board when the pointer in- 
dicates that the standard has been given. The pointer is again set 
at the starting-point, and S now attempts to make a movement 
greater or less than the standard. S aims to make the second move- 


1F, = frequency; D. = distance in millimeters. 
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ment greater in one half the cases and less in one half. Make fifty 
trials for each of the standards, 10 cm. and 20 cm. 

Results. Experimenter’s report. Show a frequency distribution of 
errors in tabular form, giving errors greater and those less than the 
two respective standards. 

Discussion of results. What number indicates the threshold for 
active movement? Compare it with the threshold for passive move- 
ment as determined in Experiment 31. Account for the direction of 
the difference. 

inference... 2. 2 3 ee 


READING. 20: 1016-1017. 


EXPERIMENT 31. To determine the Threshold of Difference: Passive 
Movement (Two Students) 


Material. The same as in Experiment 29. 

Procedure. E uses two standard distances of movement for S’s 
passive arm. Let the smaller standard distance be 10 cm. and the 
three longer distances to be compared be increased by increments of 
2mm. and the three shorter distances be decreased by the same 
increments, that is, 4-6-8-10-12-14-16. Let the distance for the 
longer standard be 20 cm., with the three longer distances and the 
three shorter distances in series of 3-mm. increments, respectively, as 
follows: 11—14—17-20-23-26-29. E makes the standard movement 
first, then follows with the movement to be compared. S judges 
the second movement as equal, greater, or less than the standard. 
FE records only when the judgment is “equal” (using sign “=” 
Let the order of presenting the standard follow that outlined in oe 
periment 27 for lifted weights: that is, begin (1) above standard, 
decreasing to standard; (2) below standard, increasing to standard; 
(3) from standard, increasing above; (4) from standard, decreasing 
below. Continue with first and second orders, as in Experiment 27, 
until ten judgments of ‘‘equal’’ are entered above and below the 
standard. Repeat the procedure, with the difference that E uses the 
third or fourth order. S replies ‘‘Greater”’’ or ‘‘ Less.”? Entries in 
the table above standard will be ‘t+,’ and below standard ‘t—.”’ 
Proceed similarly with the larger standard, 20 cm. 

Results. Experimenter’s report. Arrange this in tables and sum- 
maries similar to those used for the threshold of lifted weights 
(Experiment 27). 


READING. 20: 1014-1015. 
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SOUND 


EXPERIMENT 32. To determine the Threshold Stimulus of Sound. 
Method of Minimal Change (Two Students) 


Note. This experiment can be performed only in a quiet room. 


Material. Acoumeter (Lehmann’s) ; steel ball of known weight less 
than a gram; tape line; chair. 

The essential parts of this acoumeter are shown in Fig. 8. The 
millimeter screw S is provided with two heads H divided into 


Fic. 8. Lehmann’s acoumeter, for determining threshold stimulus to sound 


S, millimeter screw; H, screw heads; F, forceps; Pl, metal plate; B6, steel ball 


quadrants; those of the upper head coincide by number with those 
of the lower; a turn through a quadrant changes the height of the 
forceps F 0.25 mm.; acomplete turn changes it 1 mm. The distance 
of the fall of the steel ball to the metal plate Pl, producing the 
sound stimulus, is measured on the millimeter scale beneath the base. 
The jaws of the forceps are slightly concave and corrugated to hold 
the ball securely. 

Procedure. 1. Preliminary. S sits at a distance of 10 m. from the 
acoumeter with the unused ear plugged and eyes closed. E roughly 
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determines by trial the distance of fall at which a sound is observable, 
usually about 2 mm. for a normal ear at a distance of 10 m. 

2. Procedure proper. E now makes two series of observations, ten 
ascending and ten descending. In the first series start with a height 
near zero and increase it by increments of 0.25 mm. E signals 
‘*Ready’’ and one second later releases the ball; at times the release 
is not made, as a check against S’s responses. S responds “no” 
when stimulus is not heard and “‘yes’”’ when audible. The height 
giving the first audible sound is recorded in millimeters under the 
eolumn ‘‘Ascending Series’’ in the table which has been prepared. 
For the descending series the forceps are adjusted to the roughly 
determined height in the preliminary trial and the distance decreased 
by 0.25-millimeter increments until S responds “no.” Record this 
distance under column ‘‘ Descending Series.’’ E takes care not to 
release the ball at times. After performing one half of each series 
E and S should exchange places. 

Results. Experimenter’s report. Make the report in tabular form 
and show twenty determinations. A sample table (Table XIII) is 
here given, showing results of a normal ear. Note that the aver- 
age in millimeters for the twenty trials is multiplied by the weight 
of the ball, 0.4 g. 


TABLE XIII. RESULTS OF RESPONSES TO STIMULUS THRESHOLD FOR SOUND 


TCAD ASCENDING SERIES DESCENDING SERIES 
(MILLIMETERS) (MILLIMETERS) 
BU GE is ro Se Lar) ce i 2.00 . 1.50 
bi ad aa, RUN eo ae a aa a 220 2.00 
Sie SM sila tse AG Gea Gad Tae hE 2.50 Lis 
OMG NN! 8 at AC ot hae Re ae 2.25 150 
Uae GtE Mo ari toed Bares) 125 
Ge AY ale ORE Cree: A ber (55 L50 
Hf MR MET Poo sk, ct hoe PA ove le75 
a am LPR Clie CAM ASI ab ag Peete 1750 
Oa: Rae ec pe hE em 2.00 1.50 
TOs A Ea eee 1.75 175 
Average, 2.13 Average, 1.6 
Final average = oe == SO mn: 


Stimulus threshold for sound = 1.86 X 0.4 g. = 0.744 g.-mm.! 


1 The real stimulus in this case, of course, is the air vibrations caused by the 
‘impact of the ball falling on the metal plate. Symbol g.-mm. is to be read 
“gram-millimeter.”’ 
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Discussion of results. Do your results show evidence of improve- 
ment with practice; that is, increased sensitivity? Do the results 
show that you made false responses? If so, account for them. 
Account for the fact that you noted distracting sounds more readily 
with the progress of the work. Find in the reading given below 
other methods for determining the stimulus threshold for sound. 

Inference. State your threshold and class average. 


READING. 10: 367-369. 


EXPERIMENT 33. To study Adaptation of Sound (Two Students) 


Material. Soft rubber tube 1 m. in length and 6 mm. to 8 mm. in 
diameter ; tuning-fork. 

Procedure. S places one end of the rubber tube in the left ear and 
the other end in the right ear. Support the tube at its mid-point on a 
rod or loosely ina clamp. E strikes the fork and then places the stem 
upon a point in the tube at which the sound is equally intense in the 
two ears. Again holding the fork on this place, E pinches the tube 
on one side, thus shutting the sound from the ear on that side. Hold 
the fork in this position until the sound becomes rather faint. E 
releases the tube and S notes on which side the sound is stronger 
and where it is localized. 

Results. Record observations as to location and strength of sounds 
under the different conditions. Explain the fact of adaptation in 
this experiment. What is suggested about the localization of sounds? 

Inference. State what is meant by adaptation in the field of sound. 


EXPERIMENT 34. To study Summation of Sound (Two Students) 


Material. Low-pitched tuning-fork ; rubber tube 1 m. in length. 

Procedure. S places the ends of the rubber tubing in his ears, 
and E places the tuning-fork, sounding as faintly as possible, on the 
middle of the tubing. 

Results. Observe that the sound does not reach its maximum inten- 
sity at once. To what tendency of the auditory mechanism is this fact 
of summation due? 


EXPERIMENT 35. To observe Harmony of Sound (Two Students) 


Material. Tuning-forks, c’, e’, g’, and c’’,! mounted on resonance 
boxes; rubber hammer. 
1 The symbol c’ designates mjddle c of the scientific musical scale, so called. A 


tuning-fork with a pitch of c’ has a vibration rate, vs, of 256 per second. An e’ fork 
has 320 vs, a g’ fork has 384 vs, and a c’’ fork has 512 vs, the octave above c. 
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i Procedure. S stands in front of the forks and E strikes c’ and ce”, 
using as nearly as possible the same intensity. S listens carefully to 
see whether he can hear the two tones. The lower fork is silenced 
and the effect noted. The same is done with c’ and g’ and with 
c’ and e’. 

Results. State in which of the intervals the component sounds 
are heard most distinctly ; in which they are heard least distinctly. 
Describe the fusions as nearly as you can. Is there summation of 
intensities? Has the resulting chord a new quality? Do pitches fuse 
or harmonize? What is the difference between fusion and harmony? 


THE VISUAL SENSE 


It is believed that the laws of color mixture and the funda- 
mental principles of color theory may be best understood when 
the work is done by the individual students in the laboratory. 
In a course where time is limited, it may become necessary for 
the instructor to select some work for class demonstration ; 
and probably no part of a course in psychology lends itself 
so easily to such purposes as the color experiments which may 
be performed with the electric-motor color-mixer. On the other 
hand, if individual work is desired, the color top is recom- 
mended. This small device is accompanied by color disks with 
slits ready for use and contains an outer rim which is graduated 
so that the proportions of mixtures may be read in per cents or 
in degrees of circumference. The student may work with these 
in the laboratory, or may verify for himself at home the class 
demonstration. 


EXPERIMENT 36. To determine the Threshold Shrniee of Color. 
Method of Minimal Changes (Two Students) 


Material. Color wheel or color top; disks of white, black, red, 
and blue in two sizes; graduated disk for measuring degrees. 

Procedure. E places on the color wheel a large disk of black, a 
smaller disk for measuring degrees, and over this two smaller disks 
of black and red, so interlapped that a very minute portion of the 
red is visible. E and S sit opposite each other at the table, and after 
the apparatus has been set in motion, E shows it to S. S (who should 
not know which of the two colors is to be used) judges whether there 
_ is any color visible. E then introduces a little more of the color and 
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so proceeds until S can tell what color is being used, E recording the 
amount in degrees. Then E begins with the whole red disk and 
- gradually adds black until no red can be perceived, recording the last 
amount of red visible. The average of these two results is the stimu- 
lus threshold for red. The same should be tried for blue. Repeat the 
experiment, using white disks instead of black. 

Results. Expervmenter’s report. Make this in terms of degrees and 
minutes of circumference. 

Inference. Define stimulus threshold for color, and give your results. — 


READINGS. 2: 113-115; 9: 124-129; 20: 1079-1080; 27: 52-55. 


EXPERIMENT 37. To observe the Intensity Difference Threshold for 
Brightness. Method of Minimal Change (Two Students) 


Material. Color wheel; black and white disks of two sizes; 
disks graduated in degrees and seconds. 

Procedure. E places a large black and a large white disk inter- 
lapped upon the color wheel and over these a small black and a small 
white disk interlapped. The disks are adjusted so that in each case 
90 degrees of black and 270 degrees of white are exposed. The wheel 
is revolved and the brightness of the two grays compared. It should 
be the same. E now adds a very small amount of white to the 
outer white disk, and S reports whether he sees a difference in 
brightness between the inner and outer disks. Very small amounts 
of white are added until S notes a just perceptible difference in 
brightness, which is recorded. 

Starting with the outer disk plainly brighter than the inner, 
decrease the amount of white until the brightness is apparently the 
same. The degrees of difference of the white in the inner and outer 
disks are recorded. 

Finally starting with the outer disk plainly darker than the inner, 
increase the white as above and take the measurement. Make 
twelve measurements. Repeat, using a standard of 180 degrees. 

Results. Experimenter’s report. Summarize the numerical results 
as indicated in Table XIV, page 88. 

Discussion of results. Explain the difference between the thresh- 
old stimulus and the intensity difference threshold. Do your results. 
confirm Weber’s psycho-physical law? Explain. Find the average 
of the results of the class and compare as to confirmation of the law. 
What are the possibilities of error in your results? In what other 
ways might you observe the operation of the law in vision? 

Inference. See inference for Experiment 36. 
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TABLE XIV. INTENSITY DIFFERENCE THRESHOLD 


STANDARD 270 DEGREES STANDARD 180 DEGREES 
TRIAL Above Standard Below Standard Above Standard Below Standard 
Increase | Decrease | Decrease | Increase || Increase | Decrease | Decrease | Increase 
White White White White White White White White 
1 
y, 
3 
Average | 
Final Threshold of Difference at Threshold of Difference at 
Average 270 degrees = 180 degrees = 


EXPERIMENT 38. To observe the Responses of the Retina to the 
Primary Colors, so called, and to determine the Limits of the Visual 
Color Field (Two Students) 


Material. Perimeter; stimulus cards, 3 in. by 2 in., of black card- 
board, bearing about 3 in. above one of the longer edges a disk of 
colored paper about 2 in. in diameter, a set containing five cards 
with red, green, blue, yellow, and white disks; piece of mirror 
glass, 0.8 in. by 0.6 in., mounted on the end of a wood strip 2 in. 
by ,5 in., which may be held in a clamp support, to serve as a fix- 
ation point ; headrest. 

A very satisfactory chin support may be made by removing the 
hook from a wooden coat hanger and fastening in place of it a wooden 
rod (a broomstick is excellent) on the convex side. The rod is 
clamped to a table and the inverted coat hanger forms the chin 
support (see Fig. 14, p. 114). 

Procedure. E sets up the support apparatus and adjusts the fixa- 
tion mirror to a comfortable height for S. It must be on a level with 
the eye, and the support must hold the chin so that the line of vision 
is in a horizontal plane. The eye to be explored sees itself through- 
out in the mirror. The other eye is closed. S holds the handle H 
of the perimeter (Fig. 9) in one hand and supports the quadrant Q 
with the other so that his eye looks along its edge to the mirror, the 
line of sight making an angle of 90 degrees with the other edge of 
the quadrant, along which lies the carriage arm C.A. E now places 
the stimulus card St. C. in the slot of the carriage arm and moves the 
carriage very slowly toward the line of sight, stopping when §S calls 
“There” on the first view of the disk. E reads and records the angle 
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made by the indicator with the line of vision as the first of the three 
records to be made. E continues to move the carriage arm in the 
same direction until S recognizes a color and calls its name. If it is 
not the color on the disk, E records the color and angle in the second 
place, and proceeds until the true color is called, recording that in 
the third place. For some colors the responses in the second and 
third places in the table 
are the same. Records 1, 
2, and 3 form one trial for 
that disk. Make three 
trials with each of the four 
colors, and as a check use 
the white disk occasionally. 
Investigate the horizontal 
plane (1) on the temporal 
side of the head, (2) on 
the nasal side; and inves- 
tigate the vertical plane 
(1) above the level of vision 
down to the visual plane, 
and (2) below the level of 
vision up to the visual 
plane. E should not use 
the same color disk in any 
two successive trials in the 
same plane. Why? Aver- 
age the sum of the trials 
~ recorded in the third col- 
umn for each of the four 
colors respectively. For 


the horizontal plane av- Fic. 9. Perimeter 
erage the trials to right Q, quadrant; H, handle; C.A., carriage arm; 
and to left separately, and Si. C., stimulus card 


_ for the vertical plane aver- 
age the up trials and the down trials separately. E and S should 
exchange places from time to time to avoid overfatiguing the eye. 
Results. Only E’s records are considered in this experiment. 
These are expressed in two forms: (1) a table of records; (2) a 
projection map constructed from the results or averages in the table. 
To construct the map draw nine concentric circles, beginning with a 
radius of 1 cm. and increasing each succeeding radius by 1 cm. Let 
1 cm. on the radii equal one degree of retinal projection. Mark on | 
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the four radii the four points for each color, respectively, as recorded 
in Table XV. Connect the points for each color to give its color 
field. A diagram for mapping the visual field is given in Fig. 10. 


TABLE XV. RESULTS FOR VISUAL COLOR FIELD: RIGHT EYE 


YELLOW 


GREEN 
ete Leo as pong 
iG 1 
~ 
» 
So 2 
Sr 
5 a 3 
tH Average 
S 1 
O a 2 
AS 
E +] 3 
ae Average 


Vertical 
Up 


Vertical 
Down 


Average 


Discussion of results. Which is the largest color field in your map? 
the smallest? Do any of the fields overlap? To what is that due? 
What color showed the most change in passing from the periphery 
to the center? What color showed fewest changes? How does your 
map agree with those found in standard texts? Look steadily at a 
flower bed or colored carpet or colored wall paper, fixating the 
center, and tell what the appearance is toward the edge. What 
connection has been supposed to exist between the three color zones 
and the evolution of color vision? How may this supposition account 
for color blindness as it occurs? What is normal color blindness? 
What color theory do such facts tend to uphold? How can you 
account for the fact that we are not aware of the three color zones 
in everyday life? Where is vision clearest? Give an account of 
the structure of the retina. Would gray or white backgrounds for 
the disks give different results? Give some practical applications 
of the principles involved in this experiment; for example, in adver- 
tising and window displays. 
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Inference. Give the color zones in order of their limits. 


READINGS. 3: 61-62, 72-73; 4: 74-75; 6: 342; 21: 25-382; 24: 80-83; 
26: 210 
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Fic. 10. Diagram for mapping the retinal color field 


EXPERIMENT 39. To derive the Laws of Visual After-Images: 
Negative (Class Experiment) 


Material. Stimulus cards 4in. by 6in. of white, black, blue, 
yellow, green, and red (standard colors) ; backgrounds 8 in. by 10 in. 
of the same colors; backgrounds 22 in. by 28 in. of white, black, 
and gray cardboard; clips for fastening; hooks for hanging; metro- 
nome; prepared tables, specifying stimulus and after-image back- 
grounds, ete. 

Procedure. The class is arranged in pyramid fashion at a con- 
venient distance in front of the wall or blackboard where the mate- 
rial is exposed. The small stimulus card is hung in front of the class 
against the wall on the background specified. At a given signal from 
the instructor (after the ‘‘Ready”’ signal) the class fixates the stim- 
ulus card for eight seconds, and at another signal fixates a given point 
in the projection background. Each student records his results in 
a prepared table, estimating by the metronome the initial and 
terminal lag; that is, the time that elapses before the after-image 
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appears and the time from then until its disappearance. In case the 
image reappears, that is noted under ‘‘Remarks”’ with the number 
of such reappearances, clearness, etc. 

Results. Experimenter’s report. This consists of the following table: 


TABLE XVI. RESULTS FOR AFTER-IMAGES 


STIMULUS | AFTER-IMAGE 

Color or Back- Duration Back- Color or | Initial Lag py ae IR k 
Brightness| ground | (Seconds) ground | Brightness} (Seconds) see Nr ar ae 
White Black 8 White 

White Black 8 Black 

White Black 8 Gray 

Black White 8 White 

Black White 8 Black 

Black White 8 Gray 

Blue White 8 White 

Yellow White 8 White 

Red White 8 White 

Green White 8 White 

Blue White . 8 Blue 

Blue White 8 Yellow 

Blue White 8 Red 

Blue White 8 Green 

Yellow | White 8 Blue 

Yellow White 8 Yellow 

Yellow White 8 Red 

Yellow White 8 Green 

Red White 8 Blue 

Red White 8 Yellow 

Red White 8 Red 

Red White 8 Green 

Green White 8 Blue 

Green White 8 Yellow 

Green White 8 Red 

Green White 8 Green 


Discussion of results. Upon what does the clearness (distinctness) 
of the image appear to depend? Does the duration of the image 
vary for the colors and black and white? Compare them. Does the 
latent period (initial lag) vary for the different colors? What facts 
of after-images are involved in moving pictures? 
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Inference. The laws of after-images should answer the following 
questions. Give complete statements. 

1. How does the after-image of a brightness stimulus compare 
with the stimulus in degree of intensity? Upon what does the effec- 
tiveness of the projection background depend? Give example. 

2. How is the after-image of a color stimulus projected on a bright- 
ness background related to the stimulus? Give example. 

3. What effect is produced when the after-image of a color stimulus 
is projected on a background like the stimulus? Give example. 

4, What effect is produced when‘the after-image of a color stimulus 
is projected on a background complementary to the stimulus? Give 
example. 

5. What effect is produced when the after-image of a color stimulus 
is projected on a background neither complementary nor like? Give 
example. 


READINGS. 5: 14-19, 54; 6: 852; 10: 337-338; 20: 1057-1060, 1062- 
1064; 27: 108-111. 


_ EXPERIMENT 40. To study Visual After-Images: Positive 
(One Student) 
Material. Headrest. 

Procedure. 1.S seats himself before a window through which a 
bright landscape or picture of some kind may be seen. His head is 
placed in a headrest; his eyes, closely covered with his hands, are 
turned toward the window. When the dark field is perfectly clear, 
the hands are quickly removed and immediately replaced without 
any change in position of head or eyes. 

2. In a dark room §S looks for a second at a lighted candle, gas 
flame, or electric light; then covers his eyes and notes the after- 
image. 

Inference. Law of brightness and color for the positive after-images. 


EXPERIMENT 41. To study Fusion. Laws of Color Mixture 
(One Student) 


Material. Color top (or wheel if it is to be a class exercise) ; disks 
of the various colors (red, blue, green, yellow, orange, violet, black, 
and white) of two sizes; graduated disk. 

Procedure. 1.8, working alone, finds for each of the colors, red, 
green, blue, and yellow another which will produce gray by mixture. 
The large disks are used, and when a gray is found which seems 
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pure, small disks of black and white are fitted over the colored disks 
and varied until they give a gray that matches the gray obtained 
from the colors. If there is now any trace of color seen in the original 
mixture when compared with the pure gray, S tries to remove it by 
adding a small portion of the other color (either varying the propor- 
tions already found or inserting another disk). Amounts used in 
mixing the colors, both before and after the desired proportion for a 
gray is obtained, are noted. The exact proportions may be found by 
using the graduated white disk. 

2. Two colors which are not complementary (which do not pro- 
duce gray) are now mixed — for example, red and yellow, until they 
produce the best possible orange. The proportions are then noted. 
The same may be tried with another pair of colors not complementary. 

3. Using the four colors red, green, blue, and yellow, three are 
found which produce gray, and the proportions are noted. Two 
colors are found which produce gray when mixed with violet, and the 
proportions are noted. 

4, S tries to make a pure gray by using the four colors blue, yellow, 
red, and green. 

Results. The results for parts 1, 2, and 8 are expressed in degrees 
of color. 

Discussion of results. How do Helmholtz and Hering, respectively, 
explain the phenomena of color mixture? Give Mrs. Ladd-Franklin’s 
evolutionary theory. Are the grays in part 1 all perfect? Are there 
any colors which have no complementary colors? By using a color 
top, how can you find colors which harmonize with a given color? 

Inference. State the laws of color mixture which you have just 
demonstrated. 


READINGS. 3: 69-70; 8: 98-100; 11: ‘* Vision”; 27: 87-107. 


EXPERIMENT 42 A. To study Certain Effects of Color and Brightness 
Contrast (One Student) 


Material. Three cards, 5 in. by 10 in., on which are pasted two 
5-inch squares; (1) black-white, (2) blue-yellow, (8) red-green; a 
strip of tissue paper 5in. by 10 in; five strips of paper, 3 in. by 
10 in., of gray, blue, yellow, red, and green; color wheel; black and 
white disks of two sizes. 

Procedure. 1.S lays the gray strip on the black-white card and 
- covers with tissue paper. He notes the induced effects on the strip; 
(1) on the black card, (2) on the white card. To measure the amount 
of the induced intensities, S — first with the color wheel and the 
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larger black and white disks — produces a gray which just matches 
the strip, and records the proportions of black and white in the gray. 
Then with the gray strip on the black-white card covered with tissue 
paper, he works out with the color wheel and the small disks over 
the disk just arranged (1) the proportions of black and white in the 
part of the gray strip on the black background, (2) the proportions 
of black and white in the part on the white background. 

2. S lays the gray strip on the blue-yellow card, covers with tissue 
paper, and notes the induced effects in both backgrounds. The same 
is done with the red-green card. On the yellow card he places a gray 
strip and two inches away a blue strip. He compares them without 
the tissue paper and again with the tissue covering. S goes through 
a similar procedure using a yellow strip with a neutral strip on a 
blue background, then a red strip and a neutral strip on a green 
background, and then a green strip and a neutral strip on a red 
background. 

Results. 1. For brightness: Record the relative intensities of 
induced brightness on the gray strip over black and white background 
respectively. Express the same facts as they are measured in degrees 
of circumference of the proportional amounts of white and black used 
in the disks. 

2. For color: Describe the induced color effects on the gray strip 
and on the color strips, respectively. 

Discussion of results. Why does the tissue paper enhance the 
effect? What effect do surroundings have upon colors? How does 
the artist make use of this principle? Give some contrast effects in 
everyday life. 

Inference. The two principles illustrated above are given in the 
inference as the chief effects of color contrast. 


READINGS. 7 Vol. II: 18-27; 11: 791-797; 19: 1538-166; 21: 13-17; 
22: 76-78; 27: 111-119. 


EXPERIMENT 42 B. To study Some Effects of Brightness Contrast 
(Class Experiment) 


Material. Color-mixer; white cardboard; india ink; small brush ; 
compasses; scissors. 

To construct a disk similar to the one at the right in Fig. 11, cut 
from white cardboard a circle 10 in. in diameter. With a compass 
describe on it four concentric circles, the innermost circle having a 
radius of 1 in., and increase the radius of each succeeding circle by 
lin. Draw two diameters at right angles and then with a fine brush 
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spread india ink along the four radii of the two diameters, as indi- 
eated by the figure. This disk when rotated forms five concentric 
circles varying in degrees of brightness. 

Procedure. Place the disk on the color-mixer and rotate rapidly. 
Each circle should be of uniform gray, increasing in darkness toward 
the center. The disk to the left shows the results of the rotation. 

Results. Five concentric brightness circles, increasing in shade 
from the outer to the inner circle, are formed. It will be observed 
that any one circle is not of a uniform gray or brightness, yet one 
would expect it to be uniform, since it is made by the fusion of a 


Fic. 11. Disk to show contrast effects in brightness 


definite amount of white and black. How does the shade of the outer 
edge of any one circle compare with that of the inner edge? Of any 
two adjacent circles the inner one is the darker. What relation, then, 
exists between contrast effects and differences in light intensities? 

Inference. The answer to the last question is the inference for this 
experiment. 


READING. 6: 3538-354. 
EXERCISES 


1. Show that touch is the sense of ‘‘closest motor connections.” 


2. Which are the ‘‘secondary or inferential’? senses? Explain, 
giving examples. 


3. What sense is apparently the oldest? 
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4, What sense, in giving us a ‘‘spatial world of things,” and in 
its “‘immense power of secondary or inferential perception,’”’ has 
become the ‘‘ business sense of the mental world’’? 


5. What sense is the only one that can be doubled upon itself? 


6. Why are the auditory and tactual reaction times shorter than 
the visual? 


7. Give examples showing that the sense of touch stands high in 
its power to arouse feelings. 


8. Which sense is most attention-compelling ? 


9. Call to mind your dreams and tell which sense is predominant 
in your dream world. 


10. What sense has most illusions? Why? 


11. What explanation do you give for the fact that when a local 
anesthetic is given an incision can be made or the organs manipulated 
in such a way as to seem to necessitate pain and yet the patient will 
suffer no pain or even the sensation of touch? 


12. Why does pressure on the closed eye cause a sensation of 
light ? . 

13. It has been said that vision is the ‘‘queen of the senses.”’ 
Upon what grounds would you justify that statement? 


14. Give examples of after-images you have verceived in other 
senses than vision. 


15. Two men were walking in a forest. A multitude of small in- 
sects were producing a sound of very high pitch. To one man the 
forest was silent, to the other the sound was plainly audible. Account 
for the difference. 


16. Why are yellow and blue registration plates more effective 
than red and green ones? 


17. Why does the psychiatrist, in examining patients, test the 
acuity of the senses? (Note the necessity for norms in nes 
of this kind.) 


18. ‘““The developed mental life is not a matter of immediate sense 
experiences but of the representation and manipulation of sensory 
and linguistic symbols” (E. C. Sanford). In the light of this quota- 
tion, explain the rich sense experience expressed in the writings of 
Helen Keller. 


19. Show how window decoration could be made more effective 
by an application of Experiments 38 and 424. 
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21. 


22. 
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CHAPTER V 


ATTITUDE: ATTENTION AND SELECTIVE ACTION 


1. For the relation of sensations to activities the term expressional relation 
or the term attitude will be used. — C. H. Jupp, Psychology, p. 1384 


2. Through stimulation affective and cognitive nature becomes organized 
into habitual ways of reacting to life, 7.e., into attitudes. — E.S. BOGARDUS, 
Fundamentals of Social Psychology, p. 45 


3. So numerous and varied are the ramifications of attention, that we find 
it defined by competent authorities as a state of muscular contraction and 
adaptation, as a pure mental activity, as an emotion or feeling, and as a 
change in the clearness of ideas. Each of the definitions can be justified 
from the facts if we put the chief emphasis now upon one phase and now upon 
another of its varied expressions. — W. B. PILLSBURY, Attention, p. 1 


4. The selective effects of attention responses naturally depend upon the 
particular person who is acting. ... The selective function of attention has 
its roots of course in the general stimulational character of objects developed 
through the historical contact of the person with them. — J. R. KANTOR, 
Principles of Psychology,! p. 223 


TOPICAL OUTLINE 


General Nature of Attitudes 
A. Partly innate and partly acquired (permanent neural patterns that 
shape and direct concrete mental experience) 
B. “ Attitude”’ a generic term including 
I. Apperception 
II. Interest 
III. Desire 
IV. Attention 
C. Relation 
I. To habits 
II. To disposition 
III. To thought 
IV. To prejudices, ete. 
Attention an Attitude of the Motor Type 
A. Origin 
I. Through transmuting one of several simultaneous sense percep- 
tions into specific motor responses 


1 By permission of and special arrangement with Alfred A. Knopf, Inc., authorized 
publishers. 
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II. Through codrdinating and adjusting sense impressions and ideas 
to specific reactions where innate and habitual mechanisms 
fail or are lacking 

5. Nature 
I. Conscious aspect (degrees of vividness occurring in the focal and 
marginal fields) 

II. Motor aspects (sensory and ideational processes changing to 
explicit and implicit motor responses) 

C. Conditions which steer the neural and mental reactions of at- 
tention 
I. Objective, or external a 
1. Intensity and duration of the stimulus 
2. Shape, size, motion, and novelty of the stimulus 
3. Extent of the receptor affected 
II. Subjective, or internal 
1. Idea of the moment 
2. Purpose 
3. Education, training, etc. 
4. Duty, obligation, social pressure 
D. Kinds of attention according to 
I. Origin 
1. Innate or native 
2. Acquired 
II. Stimuli 
1. Sensorial, objective, explicit 
2. Intellectual, subjective, implicit 
III. Development 
1. Involuntary or passive 
2. Voluntary 
3. Spontaneous or nonvoluntary 
E. Motor adjustment 
I. Kind 
1. Adjustment of sense organ (adaptive movements) 
2. Adjustment of vital organs (organic movements) 
3. Adjustment of muscles (useless movements, correlated move- 
ments) 
II. Purpose 
1. To expose the receptors favorably to stimulus 
2. To inhibit disturbances of vital processes 
3. To inhibit and to facilitate the attentive response by excess 
motor reaction ; 
F. Mobility 
I. Shifting of attention 
1. Characteristics 
2. Probable causes 
II. Fluctuation 
1. Rhythmic changes 
2. Rivalry (characteristics) 
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III. Fundamental laws of reaction of attention 
1. Law of selection 
2. Law of advantage 
3. Law of shifting 
4, Law of degrees of consciousness 
G. Duration 
I. Sustained attention (factors involved) 
II. Distraction 
1. Effect on effort 
2. Methods of overcoming 
III. Divided attention and effect on amount of work done 
Meaning of the term and relation to habits 
IV. Span of attention 
H. Attention and suggestion 
I. Problems of inhibition arising from opposite motor systems 
involved in both 
II. Attention a response to sense perception, to imagery, and to 
action; suggestion a response either to an action or to a 
belief 
III. Therapeutic value of both 


INTRODUCTION 


Attitudes: attention. It is probable that a sheaf of fodder ora 
mouse would make about the same optical impression as such 
on the respective visual centers of a deer and of a cat. But all 
observation is to the effect that the subsequent courses of the 
sensory impression in the two animals are so divergent in be- 
havior and so different in results in respect to each object that 
the mouse seems practically nonexistent for the deer and the 
fodder for the cat, or that the deer’s consciousness 1s all fodder 
and that the cat’s is all mouse for the time being. The object 
mouse or fodder excites similar receptors in the two animals and 
produces a characteristic response in one and perhaps nothing 
observable in the other. The elaboration and transmutation of 
the sense impression of the mouse in the cat’s consciousness can 
only be inferred from the cat’s responses, and the fate of the 
fodder impression in the deer’s consciousness must be likewise 
interpreted (10: 218). Such considerations lead to the notion 
that the motor effects of sensory impressions depend in every 
instance upon the manner of organization of the neural tissues 
between sensory and motor centers of the brain or upon the 
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nature of the change that a mental operation undergoes in 
passing from the sensory to the motor phase (9:134). The 
service performed by transfer lines between railway terminals 
and wharves of a city furnishes a simple analogy. Two travelers, 
A and B, reach a terminal station of railway X ; A will continue 
his journey over road Y that starts from its own station in 
another part of the city, and B will continue his journey on 
steamship line Z that sails from docks in still another part of 
the city. To make the right changes the travelers use vehicles 
of a city transfer company. As long as the two travelers were 
on road X they formed a part of the same passenger list, but 
on leaving station X they separate, go in different directions, 
and become members each of a different passenger list, one 
continuing to be an overland passenger and one becoming a 
steamship passenger — all the result of the city transfer lines. 

This analogy serves to emphasize the following points: 
(1) the guiding, codrdinating, and shunting function of the 
sensorimotor transfer centers; (2) the possibility of infinite 
variations In animal behavior as conditioned thereon; (3) why 
the same situation so often produces such diverse responses, 
especially in human behavior. The arrangement and function 
of these transfer centers are known and described as integration 
and coordination, and their conscious correlates are here termed 
attitudes. This latter term, when so used, evidently refers to 
fundamental and permanent factors which underlie and deter- 
mine myriads of secondary operations (10: 220-221). 

Since “attitude” may designate any of the conditions and 
processes common to the transfer of mental elements and their 
compounds to specific forms of behavior, it must necessarily be 
a generic term, comprehending many types. The history of 
psychology shows that such is the case: apperception, interest, 
desire, feeling, meaning, attention, and other types were studied 
and described long before attitude was used in the technical 
sense given it here. 

This chapter is devoted to the study of attention, one of the 
most striking classes of motor attitudes. Only a brief account 
can be given here of its conditions, nature, and activities; the 
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more important laws and their practical applications should be 
derived from the experiments which follow. 

Conditions. The necessity for responses of attention depends 
primarily upon the fact that the individual is confronted with 
several sense perceptions, or ideas, or things to do, at one and 
the same moment. Thus, of many voices at a social gathering 
one attends and responds to only one at a time; in seeking for 
the right word one finally holds to the one that seems most apt ; 
in administering to the wounded the physician attends to each 
in the order of greatest need (1: 67). 

Again, the necessity for attending may depend upon the com- 
plexity and the difficulty involved in changing a sense impression 
to a motor response. Some of our responses occur independently 
of conscious attention or control; for example, the dilation of 
the pupil of the eye, the responses of respiration, swallowing, 
coughing, shivering, dodging, etc. True, consciousness may 
accompany, or bear witness to, some of these actions, but the 
transfer mechanism appears to be such as not to require atten- 
tion. The manifold adjustments involved in threading a needle, 
steering a ship, writing a deed, dictating a brief, require constant 
attention owing to the complex character of the conditions. 

Nature. The essential nature of the attentive consciousness is 
that of clearness or vividness; ‘“‘attention is identical with 
sensory clearness’’ (20: 267). It increases the clearness of the 
sensations and images attended to and obscures those attended 
from; in this sense attention is the relation between the focal 
and marginal fields of consciousness as to clearness and distinct- 
ness (15: 266-268). Another constant feature sustaining a con- 
ditional relation to clearness is the principle of motor opposition. 
Observations show that certain systems of movements are made 
in opposition to and preclude the making of others; thus, I 
cannot sit down and stand up, or open and close my hand, or 
eat and sing at the same time. Two opposing attitudes cannot 
produce full, free, simultaneous motor discharges. I cannot 
attend to writing this paragraph and enjoy the music in the 
park close by. The motor adjustments necessary for enjoying 
the music block the thought-writing paths. Motor discharges for 
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sensations and ideas, or for a harmoniously related system 
of ideas, if sufficiently clear, block the motor discharges of 
sensations and ideas that lead to opposite action. All the more 
important problems of attention, with the exception, perhaps, 
of fatigue, develop from these two principles: clearness and 
motor opposition. Fluctuation, duration, and range of attentive 
states center about clearness, whereas reénforcement, inhibition, 
concentration, and diffusion of the attentive field, as well as 
the specific forms of attention (involuntary, voluntary, and 
spontaneous), are bound up with the principle of motor opposi- 
tion (13: 95-106). 

Functions. In naming the conditions that make attention 
necessary in consciously controlled reactions, its functions were 
suggested especially where sense impressions follow upon critical 
observation or responses upon deliberate selection. When an 
individual is confronted with a complex problem, whether purely 
physical or intellectual, he proceeds to examine, to separate, to 
compare, to reject, and to select. If the problem is physical, he 
explores, searches, and compares, and then responds in the light 
of the information thus gained ; if intellectual, he concentrates, 
studies, and reflects, and then acts in the light of his conclusions. 
If the cook is to sample the broth, tasting movements are made 
to the end that proper amounts of condiments may be added ; 
if a brief is to be written, the facts and the laws are duly exam- 
ined in order that they may be recited in proper sequence, ete. 
“Attention is really an activity of the relating, adjusting kind, 
_ its work is done when the relation between the mind and the 
thing attended to is once established’ (1: 79). 


EXPERIMENT 48 A. To observe the Effect of Attention upon Clear- 
ness or Distinctness of Pressure Sensation (One Student) 


Material. No material required. 

Procedure. S sits comfortably in his chair and with closed eyes 
attends to the sensations arising from the pressure of his shoe. 

Results. Subject’s report. Note respiration, attitude of body, other 
sensations besides pressure, affective processes. What was the effect 
of attention on clearness? From your experience what effect has 
clearness on attention? Give examples. 
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EXPERIMENT 43 B. To observe the Effect of Attention upon Clear- 
ness of Sound Sensation (One Student) 


Material. Metronome. 

Procedure. S, first with eyes closed, determines which of the two 
beats of a metronome beating seconds is the weaker. If the beats 
seem equal, he gives attention first to five beats to the right, and 
then, after an interval of one minute, to five beats to the left. But 
if the beats seem of unequal intensities, S gives attention first to five 
of the weaker and then, after a minute, to five of the stronger. 

Results. Subject’s report. What effect, if any, had your attention 
on the clearness? What effect has the intensity of a stimulus on 
attention? Illustrate from experience. Determine whether the beats 
attended to seemed more intense or more distinct. Give reasons why 
they may be more distinct. If you think they are made more 
intense, give reason why. To answer this question consider what 
causes intensity of sound vibration. 

Inference. State the first law of attention. 


READINGS. 2: 80-81; 14: 2-3; 19: 110-111; 20: 279-280. 


EXPERIMENT 44. To observe the Effect of Intensity of Stimulus 
on Attention (Class Experiment) 


Material. Three lists of fourteen words each, the words being of 
uniform length. 

Procedure. The instructor reads the first list in a clear, even tone 
at the rate of one word per second. This list is reproduced at once 
by the class in writing. The second list is now read, the instructor 
reading at the same rate, but emphasizing three words by pro- 
nouncing them in a loud tone. This list is reproduced in the same 
way. In the third list the instructor emphasizes three words by 
pronouncing them in a distinct whisper. This list is reproduced in 
like manner. The instructor now reads the three lists in order 
and each student notes in each of his lists the number of words | 
remembered. . 

Results. Subject’s report. Give an account of the effect of intensity 
on reproduction. 

Arrange a table showing the number of students correctly re- 
producing each word (represented by numbers from 1 to 14) in each 
of the three lists. Place a small cross in the square under the number of 
the word emphasized by loudness and a star to show the number 
of the word emphasized by whispering. From the table make three 
graphs on the same base for purposes of comparison. 
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Discussion of results. What can you tell from the table as to the 
effect of intensity on attention? State all the principles you can 
derive from a study of the graphs. Are there any words remem- 
bered better because of position? any remembered less well because 
of position? 

Inference. State the second law of attention. 


READINGS. 7: 39-44; 14: 5-7; 17: 167-168; 18: 246; 20: 276-281. 


EXPERIMENT 45. To observe Effects of Changes in Meaning 
on Changes in Attitude (Two Students) 


Material. Two sets of words misspelled by disarranging the letters: 


SET I SET IT 
1. enrsi 1. hgnti 
2. tsora 2. tignesa 
3. edlare 3. tmhosre 
4. ahepe 4. ostat 
5. namro 5. dysut 


The letters of each word can be arranged so as to form two different 
words. Both sets should be typewritten on small cards, and the 
cards of each set should be numbered consecutively. 

A prepared form, as shown in Table XVII, in which S writes his 
responses should also be provided. 

Procedure. For each misspelled word there are two suggestions, 
(a) and (b). The number of the suggestion corresponds to the 
number of the word in the set and on the card. 

Allow, if necessary, two minutes in which to form a word. If a 
word is not made in two minutes, pass to the next word, and so on 
until the list is finished; then return in order to the unfinished 
words. Giving a sample word, as ‘‘mlpa’”’ (‘“‘palm”’ and “‘lamp’’), 
and requiring S to form the words according to the conditions to be 
observed insures an understanding of the experiment. 

S makes the following entries in the prepared blank form: (1) the 
correct word for card 1 after a in column headed ‘‘ Reaction’’; (2) two 
words after a in column headed ‘‘ Post-Reaction.”’ Such words are 
any suggested by the correct word after the manner of free associa- 
tion (see Experiment 7 A). Having entered the associated words, S 
now writes in the left-hand column, ‘‘Pre-Reaction,” pertinent 
experiences that occurred before the recognition of the correct 
word. The brief notes in this column should contribute to the 
subject’s report. 
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A key to the words is given in Appendix, p. 325. To keep the condi- 
tions fairly constant, E should use the words of the text in giving the 
meaning of the prospective word. It is not desirable to puzzle S, 
but E should give no hints other than those contained in the text. 

After completing Set I, E and S exchange places and use Set II. 


DIRECTIONS FOR SET I 


Card 1. At signal ‘‘Ready”’ E shows S card 1, Set I, and says: 
(a) *‘Mentally arrange the letters on this card so as to spell the 
name of a product of the pine tree.’”’ As soon as S speaks the word, 
E then says: (b) ‘‘This time mentally arrange the letters so as to 
spell a word relating to an instrument used for sound signals.” 

Card 2. (a) ‘‘Mentally arrange the letters on this card so as to 
spell the name of an early financier of New York City.”’ (6) ‘“‘This 
time mentally arrange the letters so as to spell the name of a method 
for cooking meats.” ‘ . 

Card 3. (a) ‘‘Mentally arrange the letters on this card so as to 
spell a name given to a person engaged in merchandising.”’ (6) ‘‘ This 
time mentally arrange the letters so as to spell the name given one 
who directs the activities of an organization.” 

Card 4. (a) ‘‘Mentally arrange the letters on this card so as to 
spell the name of a fruit.’’ (b) ‘“‘This time mentally arrange the 
letters so as to spell an adjective describing a low-priced article.” 

Card 5. (a) ‘“‘Arrange the letters of this card so as to spell the 
word describing our alphabet.” (b) ‘“‘This time mentally arrange 
the letters so as to spell the name of a nobleman’s landed estate.”’ 


DIRECTIONS FOR SET II 


Card 1. (a) ‘‘Mentally arrange the letters of the card so as to 
spell the name of a species of hawk.” (6) ‘‘This time mentally 
arrange the letters so as to spell a synonym for object.” 

Card 2. (a) ‘“‘Mentally arrange the letters of the card so as to 
spell a term used in describing the work of an usher in an audience.” 
(b) ““This time mentally arrange the letters so as to spell the name 
of a type of behavior that may annoy and vex one.”’ 

Card 3. (a) ‘“‘Mentally arrange the letters of the card so as to 
spell the effect of insufficient air.’’ (b) ‘‘This time mentally arrange 
the letters so as to spell the name of a bottle.” 

Card 4. (a) ‘“‘Mentally arrange the letters of the card so as 
to spell the name of a weasel.” (b) ‘‘This time mentally arrange 
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the letters so as to spell the name of a custom used to honor a 
person at a banquet.” 

Card 5. (a) **Mentally arrange the letters of the card so as to 
spell an adjective describing objects in a neglected room.” (b) ‘This 
time mentally arrange the letters of the card so as to spell the name 
of a student’s chief work.”’ 

Results. Subject’s report. Describe the effect of the cues in direct- 
ing attention, in changing the prominence of certain letters, in arous- 
ing and inhibiting trains of associative responses; alternation of 
bodily tension and relaxation; anticipatory effects, that is, a con- 
sciousness of the word about to appear. 

Experimenter’s report. Show the number of trials per word per 
meaning and the results arranged in a form as given in Table XVII. 


TABLE XVII. FORM FOR RECORDING RESULTS SHOWING CHANGE IN 
ATTITUDE TOWARD WORDS WITH CHANGE OF MEANING 


CARD PRE-REACTION REACTION Post-REACTION 
PERIOD PERIOD PERIOD 
1 : : i 
Beas 
me is 
é b b ; 
; b b ; 


Discussion of results. Did any of the suggestions act as a hin- 
drance? Did you form any of the words wholly from the cue, ignoring 
the letters? If so, specify. Did any of the cues fall on associative 
“blind spots,” as it were? Do you discover a connection between 
richness of associations aroused by the cue and familiarity with the 
word? Give cases. What two sets of facts entered in the blank form 
show that a change in meaning of a word causes a change of attitude? 

Inference. State the effect of change of meaning on attitude. 


READINGS. 22: 332-334: 28: 248. 
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EXPERIMENT 46. To study Sustained Attention (Two Students) 


Material. Stop watch or clock with second-hand; nine problems 
similar to those here given, based upon familiar material but of such 
complexity as to require continuous attention for quick solution (for 
group experiment provide each subject with a separate page con- 
taining these or similar problems). 

1. Three different letters occur only once in this proverb; write 
the second one to occur: ‘‘Time and tide wait for no man.” 

2. Two different letters occur only once in this proverb; write the 
first to occur: ‘‘ Those in disgrace always want to disgrace others.” 

3. Find the letter in ‘‘Constantinople”’ that occurs just as far to 
the right of C as it does to the right of a in the alphabet. 

4, Three different letters occur only once in the following proverb ; 
write the last to occur: ‘‘ The doorstep to the temple of wisdom is a 
knowledge of our ignorance.”’ 

5. Write the letter that occurs only once in this proverb: “A 
friend in need is a friend indeed.”’ 

6. Three different letters occur only once in this proverb; write 
the first one to occur: ‘‘It is an ill wind that blows nobody good.” 

7. Find the letter that occurs oftenest in the following proverb: 
‘*‘A good name is rather to be chosen than great riches.” 

8. Suppose that the first and third letters of the alphabet were 
interchanged, also the fourth and sixth, the seventh and ninth, etc., 
and write the letter which would then be the fifteenth in the alphabet. 

9. Find the seven different letters that occur only once in this 
proverb: ‘Pride goeth before a fall.”’ 

_ Procedure. Members of class work in pairs, one as S and the other 

as E. Papers are distributed blank side up. At signal ‘‘Go”’ S turns 
over paper and begins with the first problem and solves each in turn, 
skipping none. E observes from clock the time required for solving 
the nine problems. 

Results. Subject’s report. Report, on basis of interest, ways for 
holding conditions in mind, suppressing disturbances, etc. 

Experimenter’s report. Give (1) total time in seconds for solving 
the nine problems; (2) corrected time. To find the value of the cor- 
rected time, use the following formula, where C. T. is corrected time, 
T. is total time, and E. is number of errors. 


C.T.=T.+2XxE. 


Key to problems is written on blackboard. 
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Summary of corrected results of class may be placed on board for 
comparison and discussion and from which an inference should be 
drawn. 


READINGS. 1: 76-77; 15: 274-276; 20: 291-293; 28: 257-259. 


EXPERIMENT 47. To demonstrate the Laws of Mobility of Attention 
(Two Students) 

A. Law of Rivalry 

Material. Metronome; stereoscope; three cards; (1) card to fit 
stereoscope, about 23 in. wide, containing a red and a green square 
15 in. on side, each about # in. distant from the middle of the card; 
(2) blue-yellow card; (8) card containing two white squares of the 
same size and arrangement as card 1, having parallel lines at equal 
distances extending obliquely upward from left to right in one square, 
and from right to left in the other; a series of numbers from 1 to 
120 inclusive on sheet of paper. 

Procedure. S fits card 1 in the stereoscope, adjusts it, and at 
once calls out “Red” (if that color is visible first). E begins to 
count metronome beats silently, writing ‘‘r’’ (if color is red) over 
figure 1 in the prepared series. S calls out when the field changes 
to green and E checks ““g’”’ above the number of the beat he is count- 
ing, continuing this until the two minutes are up. The same is tried 
with a similar card of blue-yellow squares and with the squares of 
card 3. S reports ‘‘b”’ or ‘‘y”’ according as the field is blue or yellow, 
and E writes the letter over the digit as with card1. With card 3 
**r” or ‘1’? isreported. S makes ten observations of the field, looking 
away or closing his eyes for a few moments after each observation to 
find if one color or figure appears first uniformly or if there is varia- 
tion in the first appearance of the field. This is done for all three cards. 

Results. Subject’s report. Describe field changes and order of 
appearance. 

Experimenter’s report. From your records make tables showing the 
number of seconds in each period of attention: card 1, for red and 
green ; card 2, for blue and yellow; card 3, for the dissimilar figures. 
The average length of a period for each color and for each figure is 
found by dividing 120 by the number of periods that occurred in two 
minutes. From these tables make three diagrams (see Fig. 13), taking 
a center line for each, with as many equal divisions as there were 
periods in the two minutes of observation and representing the rela- 
tive duration of each period by rectangles plotted above and below 
the base line according to a convenient unit of length. 
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B. Law of Shifting. 

Material. Metronome; book figure and cube figure (see Fig. 12) 
(use both if possible, since they do not evoke the same responses) ; 

series of numbers from 1 to 120. 

Procedure. Begin with the upper figure. 
S fixates it for two minutes at its central 
point— after a preliminary period in which 
he notes several shifts of the book, ‘‘out”’ 
to make the book stand with its back to 
him, ‘‘in’’ as the book appearsto him open. 
S in a low tone calls ‘‘Out”’ or ‘““In”’ as the 
book shifts. E has prepared on paper a 
series of numbers from 1 to 120. He 
counts the metronome beats for him- 
self and records over the proper number 
a ‘‘+’’ when S says “Out,” and a “—” 
when S says “‘In.”’ 

Results. Experimenter’s report. From 
the results calculate length of a period of 
attention as recorded by plus and minus 
signs. Also make a diagram of the at- 
tention wave to the same scale as in 
part A. 

Discussion of results. According to 
standard texts, how long can one attend to 
the same thing? How long was the period 
for S in part A in each case and in part B? 
Describe the situation in both experi- 
ments. What two inconsistent responses 
are possible in part A in each case? What 
in part B? How are the two different re- 

Fic. 12. Reversible figures sponses explained? How many responses 
were made at once? 

Inference. What, then, is the law of shifting? 

C. Law of Advantage. 

Material. (1) Blue-yellow card as in part A, except that in the 
center of the yellow square a small dot has been made with india 
ink; (2) blue-yellow card with ink dot in the blue square. 

Procedure. The same as in part A. 

Results. Subject’s report. Describe the réle played by the ink dot 
in the blue and yellow squares respectively. 


Experimenter’s report. From the results calculate duration of a 
Discussion of results. Which appeared first in card 1, blue or yellow ? 
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period of attention as indicated in part A. 


d 2? Why? What were the periods in seconds for blue and yellow 
respectively in each card? What is the law of advantage? What 
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C. Advantage 


Fic. 13. Number of periods occurring in two minutes and duration of each 


in seconds for conditions of rivalry, of shifting, and of advantage 


can you conclude as the law of shifting? 


Will a person who has a 


love for music be more likely to attend a prize fight or a symphony 
played by a fine orchestra? Give illustrations from everyday life 


Give practical 


showing how a tendency may facilitate response. 


in which appear the law of advantage; the 


of reactions 


examples 


Inference. State these three laws. 
READINGS. 12: 267; 23: 251-256, 263. 


law of shifting. 
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EXPERIMENT 48 A. To study Fluctuation of Attention in Vision 


Norte. It is possible for six subjects to perform this experiment at once, 
each with an experimenter to make records. 


Material. The Masson disk, a white disk containing along an 
imaginary radius a series of small black squares at equal distances 
apart; color wheel; headrest. 

Procedure. The Masson disk is rotated on a color wheel. S, with 
head supported, observes for two minutes the faintest of the gray 


Fig. 14. Masson disk ready for rotating 


rings, and as it appears and disappears calls softly, ‘‘In,’’ *‘Out,” 
EK keeping a record, as in preceding experiments, with the seconds 
metronome and a prepared series of numbers. 

Results. Subject’s report. Verbal reports of ‘tout’? and of ‘in” 
periods. “ 

Experimenter’s report. Calculate duration of “tout” and ‘in” 
periods, respectively. Compare the length of an average “out” and 
an average ‘“‘in”’ period. 

Discussion of results. What is the duration of a complete atten- 
tion wave including an ‘‘out”’ and an “' in” period? What is its mean 
variation? What is therange? Give everyday illustrations of fluctu- 
ations in vision. — 
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_ EXPERIMENT 48B. To study Fluctuation of Attention in Hearing 


Note. There should be two experimenters, and observations should be 
made in a quiet room. 

Material. Watch. 

Procedure. E holds a watch on a level with S’s ear and withdraws 
it slowly, stopping at a point where the ticking is just audible to S. 
A second E measures the distance and keeps the record. S attends 
to the ticking; when it is not audible he says ‘“‘no’”’; when the sound 
is heard again he calls “‘yes.’’ The second E keeps the record of the 
number of fluctuations in two minutes, using a watch with second- 
hand rather than the metronome, and hence arriving at only the 
number of changes in two. minutes and the average length of an 
attention wave. 

Results. Compare results in this case with those in Experiment 48 A. 

Discussion of results. Discuss the cause of fluctuation waves and 
the various theories that have been suggested. In the whole matter 
of mobility of attention to sense stimuli make a general statement 
from your results, especially as to time order. 


READINGS. 12:318-820 ; 14: 69-82 ; 17: 158-165; 19:111-118 ; 23: 254-255. 


EXPERIMENT 49. To demonstrate Laws of Combination 
in Attention 


A. When the Objects are Similar (One Student). 

Material. Stereoscope; several cards showing two similar figures 
about 13 in. apart. 

Procedure. The cards are viewed through the stereoscope. 

Results. Subject’s report. State what is observed. 

B. When the Objects are Unlike and with or without Meaning (Class 
Experiment). 

Material. A large tachistoscope, as shown in Fig. 15; a series of 
cards, three with long words and three with the letters contained 
in these words at the same distances apart but entirely transposed. 
The transposed letters are shown first. The cards used should be 
arranged by the instructor for the experiment. The following shows 
sample material for a set of cards: 

. Twelve letters arranged thus: nterntsucoio. 
. Twelve letters: rnlispaiedte. 

. Ten letters: naitgnroee. 

. The word ‘“‘construction.” 

. The word “presidential.” 

. The word “‘generation.”’ 


Doe WD FH 
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This tachistoscope is made from l-inch by 32-inch lumber; the 
foot pieces from 2-inch by 4-inch lumber. The upright is mortised in 
the foot pieces and reénforced by heavy T irons; foot pieces are 
75 em. long. Height and width over all is 2 m. by 55 em. The lower 


Fic. 15. Tachistoscope 
(Wundt pattern) 


U.e., upper exposure; L.e., 
lower exposure 


edge of the lower rectangular exposure is 
1m. from the bottom, the opening is 40 cm. 
by 15 cm.; the upper exposure for serial 
stimuli is 50 cm. from top and is 20 cm. by 
8 em.; it is made by two slits 1 em. wide, 
the upper one at an angle of 45 degrees up 
and the lower one at the same angle down. 
Exposure at the lower opening is made by a 
screen, 112 em. by 50 em., sliding in two lat- 
eral grooves. The screen hangs at the top 
by a catch; the rate of fall is controlled by 
counterweights on a cord running over three 
pulleys. The opening in the sliding screen 
is 40 em. by 15cm. A card-holder screen 
46 em. long with lateral grooves 10 cm. deep 
is placed behind the screen and coincides 
with the lower exposure. 

Procedure. With the class arranged in 
pyramid fashion, the instructor exposes the 
cards bearing words with disarranged let- 
ters in the order as listed above (1, 2, 3) 
in the large tachistoscope, the large shutter, 
regulated by a counterweight, dropping at 
intervals of from one half to one fourth of 
a second of exposure. Students record what 
is observed as each card is exposed. After 
the cards have been shown in this manner, 
the instructor shows cards 4, 5, 6, and S 
writes down beside his first results, from 
cards 1, 2, 3, what is printed on each card. 

Results. Subject’s report. Make two rec- 
ords for each card. 


Discussion of results. Compare the records of cards 1, 2, and 3 
with those of cards 4, 5, and 6 for correctness of results. Consider- 
ing one letter as a unit of attention, compare units of cards 1 and 4, 
2 and 5, 3 and 6. What made the difference in results? 


Inference. State a law of combination in responses of attention. 
READINGS. 23: 263-264; 24: 235-251. 
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EXPERIMENT 50. To study the Concentration of Attention 
(Two Students) 


Material. A suspended red-paper star; clock with second hand. 

Procedure. 1. The instructor tells the students to hold the star in 
mind for two minutes, gazing at it fixedly, but not to think things 
about it, keeping a passive attitude. At a given signal all subjects 
concentrate on the star, as directed, until the instructor calls ‘‘ Time.”’ 
Should attention wander, S indicates it to E by raising a pencil, 
with an unobtrusive movement of the hand from the wrist, imme- 
diately lowering, and raising again at another change. E keeps the 
record of these changes. 

2. S looks at the star again for two minutes. This time he asks 
himself questions about it: the color, exact size, distance, material, 
etc. The changes are indicated to E as before. E and S now ex- 
change places and the experiment is repeated. 

Results. Subject’s report. S writes an account of difficulties in 
both cases. 

Experimenter’s report. E calculates and S records the number of 
shifts of attention for one minute in parts 1 and 2. 

A table is written on the board containing the number of changes 
for each member of the class, recorded in two columns, for parts 1 and 
2 respectively, with average and mean variation for each column. 

Discussion of results. Compare this shifting with that in the 
experiments on the mobility of attention in both cases. Compare it 
with standard results. What difference is noted in part 2? What 
causes this difference? Give practical examples of the change of 
attention; of the methods of concentration used. Apply this to 
teaching. 

Inference. Give a brief statement of your general Sonchunael 


READINGS. 1: 77-79, 345-346; 21:13, 100; 22: 128. 


EXPERIMENT 51. To study the Control of Attention (to keep an 
Object of Thought out of the Mind) (Two Students) 


Material. The last book that hasinterested S as an object of thought. 

Procedure. 1. The instructor announces that he is to give a subject 
about which S is not to think for two minutes, but that he is not to 
think on any other definite subject, letting his mind wander freely. 
The instructor gives the signals to begin and to stop, and whenever 
the forbidden subject returns S gives the same signal as was made 
in Experiment 50 to E, who records results in the same manner. 
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2. The procedure is the same as in part 1, except that now the 
instructor gives another subject of about the same interest as the first, 
about which S is to think and upon which he is to concentrate to 
the exclusion of the 
first. This may be any 
book or current event 
which the instructor. 
knows will prove of in- 
terest to the class as a 
whole. S signals to E 
when the forbidden 
subject comes back to 
mind. E and S now in- 
terchange places and 
different subjects are 
given. 

Results. Subject’s re- 
port. Give an account 
of the two procedures 
as to difficulty, etc. 

Experimenter’s  re- 
port. In which part of 
the experiment did the 
forbidden subject re- 
turn oftener? 

On the board make 
a table of the changes 
for each member of 

Subject sits at left of vertical partition; experi- the class, recorded in 

menter at right two columns, for parts 
1 and 2 respectively, 
with the average and the mean variation for each column. 

Discussion of results. Discuss the variation in the results reported 
by different members of the class. Contrast with shifting in Experi- 
ment 47, B. Explain. Give three practical examples of this method 
as a control of attention. 

Inference. State how attention may be controlled. 


READINGS. 21: 14, 101; 23: 259. 


Fic. 16. Exposure board 


1 Experiments 51 and 53 are modified forms of Experiments VI and VII in An In- 
troduction to Experimental Psychology in Relation to Education, by C. W. Valentine, 
and are used by permission of University Tutorial Press, Ltd. 
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EXPERIMENT 52. To determine the Span of Attention for Touch 
(Two Students) 


Material. About one dozen marbles of the same diameter; a 
rectangular board, 11 in. by 14 in., having a vertical partition at 
one end 18 in. high, the baseboard containing fifty-six saucerlike 
cavities arranged in seven rows, eight in a row (Fig. 16); a ruled 
blank table for results. 

Procedure. Place the board so that the upright is between E and 
S, E being in front of the receptacle and S on the other side, so that 
the upright piece hides the marbles from his vision. S closes his eyes 
and E places a large number of marbles, ten or twelve, in the 
cavities of the board, in no regular order, but so that the board will 
cover them. E now takes S’s right hand, which must be slightly 
spread open, and places it down firmly on the marbles for one 
second, lifting it squarely up and not permitting it to feel about. 
S states the number of marbles felt, if he is fairly sure; if not, he 
simply says ‘‘Many.’’ Random guesses are not permitted. E fills 
out the table which he has before him as S gives results. Thirty 
trials are made with the descending series; that is, with the number 
of marbles decreased, but not with perfect uniformity, until a 
number is reached which is correctly perceived several times in 
succession. Starting with a number less than this, a similar ascending 
series is now made. In both series the number should remain con- 
stant at times during several successive trials. E should be very 
careful, in the preparation of tables for S, to see that all numbers 
are used and no one too many times. 

Results. Table XVIII gives S’s individual results as recorded by 
E. Table XIX, on page 120, is a frequency distribution arranged 
from Table XVIII. In this table the span will appear, which is 
the number correctly perceived 75 per cent, or nearly that, of 


TABLE XVIII. INDIVIDUAL JUDGMENTS 


ASCENDING SERIES ° DESCENDING SERIES 
TRIAL 
Placed Perceived Placed Perceived 
1 
fe 
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TABLE XIX. FREQUENCY DISTRIBUTION FROM TABLE XVIII 


NUMBER OF PERCENTAGE OF 
CORRECT JUDGMENTS | CORRECT JUDGMENTS 


NUMBER PRESENTED TIMES PRESENTED 


FOUVOANA AF WwW 


pt et 


TABLE XX. CLASS RESULTS SHOWING SPANS AND FREQUENCIES 
FOR TWENTY-FOUR STUDENTS 


NUMBER OF STUDENTS SPAN PERCENTAGE OF CORRECT 
(FREQUENCY) JUDGMENTS 
5 3 75 
8 4 . 75 
5 5 15 
72 6 75 
1 ff 15 
3 8 UES 
. Mean, 4.8 
Mode, 4.0° 
Median, 4.0 


the times presented. Table XX is a class table and is compiled 
from individual results, a sample from actual class work being given 
in full. 

Discussion of results. Do your results show evidence of fatigue? 
Is there any evidence that the perception toward the end of the 
respective series was influenced by earlier perceptions in the series? 
Why did you take as your span the number perceived correctly 
75 per cent of the times? Point out the errors which may have 
occurred in this problem. How does the average class span as found 
here compare with that given in standard texts? 

Inference. Define the span of attention and give result of 
experiment. 


READINGS. 1: 80-81; 11: 123-144; 12: 321-822; 14: 64-68; 22: 163- 
164; 23: 261-262. 
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EXPERIMENT 53. To study Divided Attention (Two Students) 


Material. Pen and paper; stop watch. 

Procedure. 1. The instructor gives the signal to begin, and S 
counts softly backward from 150 for one minute by the stop watch. 
When time is called, E writes down the last number. 

2. The entire class now writes in order the letters forming the words, 
‘** George Washington, First President,’”’ as rapidly as possible, writ- 
ing each letter separately and ‘beginning at ‘‘G”’ again immediately 
on finishing ‘‘t,’’ writing the letters as many times as possible during 
one minute. The entire class writes the letters, and the instructor 
keeps time. 

3. S now performs, as well as he can, both operations at once, 
counting backward aloud, and at the same time writing the letters, 
as in the first instance, continuing the two operations for one minute. 
When “ Time’”’ is called E records the last number counted by S. 

Results. Subject’s report. Were you conscious of performing two 
operations at once? If there was a plan in the third series, describe it. 
The number of numbers counted by S is found by subtracting from 
150 the last number written down by E. Count and record the num- 
ber of letters written. Record the results in a table. Table XXI 
gives results of one individual. 


TABLE X XI. RESULTS IN DIVIDED ATTENTION 


NUMBER OF NUMBER OF 

NUMBERS LETTERS 
tnoiwvided attention (1 and2).. ..... . 74 fiz 
Pivigedsattention (3). 6 eb 38 (44.5%) 30 (26.8%) 


Discussion of results. If both operations had been performed at 
once, that is, if each operation had taken its own time as in the first 
series, independently of the other, how many numbers would have 
been recorded in the third series? (Evidently 74, or 100 per cent.) 
How many letters would have been recorded in the third series? 
(112, or 100 per cent.) In this case what would have been the total 
per cent of efficiency gain? If the two operations had interfered with 
each other and the attention had been proportionately divided so 
that no two operations were performed simultaneously, how many 
numbers would there have been in the third series, and what per cent 
of the first series would this be? (87, or 50 per cent.) How many 
letters would have been recorded in the third series, and what per 
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cent of the second series would this be? (56 letters, or 50 per cent, 
thus giving results of one half for each in their half-minute propor- 
tion of time — time neither lost nor gained.) 

In the table 44.5 per cent of numbers was obtained in the third 
series, giving a loss of 5.5 per cent. Of the letters, 26.8 per cent was 
obtained, giving a loss of 23.2 per cent. It can be seen that any 
per cent over 50 per cent is a gain in efficiency, and any per cent 
under 50 per cent is a loss. 

From the results obtained from your own work, what conclusions 
can you give? If you found a gain in both operations, would that 
prove that you had performed two operations at once? What other 
explanation could be given? What individual characteristics favor 
the performance of two tasks simultaneously? (Note individual dif- 
ferences in the class.) How may the apparent divided attention of 
musicians and jugglers be accounted for? Give examples of other 
tasks which apparently indicate that attention is paid to more than 
one operation at the same time. 

Inference. Draw a general conclusion. 


READINGS. 8: 405-415; 14: 69; 21: 15, 102; 23: 260-261. 


EXERCISES 


1. Why does a mother hear the cry of her child when no one else 
in the room is aware of it? Give example of another attitude of 
the mother. 


2. A telegram comes to Mr. A. It reads: ‘“SMy son John was 
drowned at noon today.’’ Point out the difference in the attitude of 
Mr. A if the pronoun “‘my”’ had been “‘your.”’ 


3. Why, when studying or reading, does one sometimes become 
suddenly aware of the ticking of a clock close by? 


4. One can knit and converse, or even read, at the same time. 
Explain attention reactions in such a situation. 


5. When a trained pianist can play and converse at the same 
time, does he attend to each individual key? Explain. 


6. In hitting a ball in tennis, to what does the skilled tennis 
player pay attention? Formulate a general rule which this example 
illustrates. 


7. Why do skilled workers in a factory often sing at their work 
and often do better work when singing? 
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8. An experienced driver can tell from the sound of his engine 
whether or not it is working as it should, whereas one who does not 
drive a car would notice no difference in the sound. Why is this? 


9. Our attitudes are formed by our reactions, accompanied with 
' moderate feeling-tone. Give suggestions as to ways of forming the 
following attitudes: an optimistic attitude; a conscientious attitude 
toward one’s work; an interested attitude in regard to study or in 
connection with one’s associates; a critical attitude. 


10. What are some of the attitudes you have acquired at college? 
Distinguish these from habits. 


11. Why must one fail to succeed if one has an attitude of indiffer- 
ence toward one’s work? How can this attitude be remedied? 


12. Do moving pictures cultivate voluntary (active) or sponta- 
neous (passive) attention? Support your answer by concrete evi- 
dence from your own observation. 


13. Give an argument to show that voluntary attention marks the 
peak of mind development. 


14. Integration of the personality is the essential characteristic of 
the normal mind; that is, the normal mind is one capable of bringing 
its powers to a focus on a given subject. How does this principle 
show the importance of attention and its laws? 


15. Why are the eyes and the ears of the savage far more keen in 
finding game than those of civilized man? 


16. Why can the trained musician detect discords and faint 
changes of pitch where the untrained man would hear only harmony 
and the same tone? 


17. A tailor and a bishop visited Niagara Falls. The tailor’s reac- 
tion was expressed thus: ‘‘What a fine place to sponge a piece of 
cloth!’’ The bishop exclaimed reverently, ‘‘God of grandeur, what a 
scene!’’ Explain the cause of the difference in these comments. 


18. Why does a horse shy when a newspaper blows across the 
road but not at a paper lying in his path? Give other examples of 
the same cause and effect. 


19. A young girl was not paying attention in class. The instructor 
at the close of a sentence called upon her to repeat what he had just 
said. This she did immediately in the exact tones and words of the 
instructor. She said afterwards that she was not paying attention 
and could not have recollected the sentence; in fact it seemed to 
come automatically. Explain this on the principle of focal and 
marginal attention. 


124 PSYCHOLOGY BY EXPERIMENT 


20. What movements are characteristic of attention? Watch an 
audience and list the movements (1) in attention, (2) in inattention, 
preparing to report to the class at a designated period. Why is one 
list so much longer? 


21. Is attention held by the commonplace of daily life or by the 
novel? Give an example justifying your answer. 


22. Take six well-known advertisements and select the elements 
which attract attention in each. (Or the instructor may select the 
advertisements and present them to the class.) 


23. What is the object of the chorus in a song? 


24. Why does the repetition of a line or a word at regular intervals, 
as in the Psalms or in certain poems and stories, add effectiveness? 
Give examples. 


25. How does the mind-reader make use of the phenomena of 
attention ? 


26. Give a reason from your study of attitudes why it is best never 
to repeat gossip which may reflect on a person’s character. Show 
how the same principle may hold good in many situations in life. 
For example, give a concrete illustration from politics and one from 
religion of attitudes formed in this manner. Show how this principle 
has a bearing on loyalty. 


27. From the first law of attention you learned that attention in- 
creases clearness. What would be the application of this law to 
pains, especially those of nervous origin? Give a reason for your 
answer and an example from your own experience. Could diseases 
be cured on this principle? 


28. A peach-grower in Georgia hired a band to play while his 
laborers were sorting peaches. He found that this was good business. 
What laws of psychology were applied? 
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CHAPTER VI 


RETENTION AND ASSOCIATION 


1. Retentiveness has two aspects or degrees: First, the persistence or 
continuance of mental impressions after the withdrawal of the external agent. 
... We have, secondly, the power of recovering, or reviving, under the form of 
ideas, past or extinct sensations and feeling of all kinds, without the originals 
and by mental agencies alone. — ALEXANDER BAIN, The Senses and the 
Intellect, p. 323 

2. Before asking how memories are retained we must inquire where they 
are retained. Two possibilities have been suggested in the history of the 
science: one that they are retained in mind or as mental states, the other 
that they are held in the nervous system. The latter view is at present 
generally accepted. — W. B. PILLSBURY, The Fundamentals of Psychology, 
p. 242 

3. A train of associated ideas, each one suggesting the next by a process 
which travels directly from one sensory center to another, rests...on a 
train of movements each of which, by the kinesthetic excitations its per- 
formance produces, sets the next one off, while delays in the process bring 
about in sensory centers that have formerly discharged into the motor 
centers now partially excited, the processes on which the images are 
based.— MARGARET F. WASHBURN, Movement and Mental Imagery, p. 33 

4. Our rich inheritance of connections between sense stimuli and mental 
states, sense stimuli and acts, and mental states and acts is in sharp con- 
trast to our utter poverty with respect to connections between one mental 
state and another. Nature gives only the general capacity to form such 
connections as soon as images, feelings of meaning, and judgments have been 
acquired. One important result of the fact that all purely mental connections 
are due to nurture is that there is far less uniformity among human beings 
in the mental-mental than in the physical-mental connections. — E. L. 
THORNDIKE, Elements of Psychology, p. 239 


TOPICAL OUTLINE 


Physical Bases of Retention 
A. General properties of nervous tissue 
I. Irritability 
II. Conductivity 
III. Modifiability 
IV. Tenacity, or retentiveness 
126 
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B. Probable conditions and tendencies of nervous tissue of the human 


f; 


10 


ENG 


brain 

Connections between neurones functional rather than ana- 
tomical 

Nervous chains, integration patterns, complexes, etc. formed by 
synaptic connections between neural fibers 


. Functional strength of synaptic connections ranges from nothing 


to full or complete 

Motor centers and inhibition 

1. Development in pairs, each with opposite functional 
character 

2. Mutually inhibiting and facilitating centers required 


Conditions governing the Formation and Retention of Reactions to Concrete 
Objects: Perceptual and Imaginal Reaction Patterns 
A. Objective 


V 


. Number of different objects presented in the learning period 
. Position of the object in a series 

. Rate frequency at which objects are presented 

. Grouping of objects on some rational plan 


Amount of distraction 


B. Subjective 


il 
II. 


III. 


Degree of attention, mental alertness, and interest 
Familiarity and ‘“‘“mental set”’ 
Freshness, or absence of fatigue 


C. Evidences of retention 


Te 
li 
III. 


Immediate 

Remote 

Forgetting 

1. Value 

2. Methods for determining rate 


Theories of Retention 
A. Earlier 


I. 


Experience retained as a mental state 


B. Later 


I. 
II. 


Experience retained in the cells of neurones 
Experience retained as a neural predisposition to respond as in 
its original experience 


Recall of Experience 
A. Means 


Ee 
if. 


By external stimuli arousing central reaction patterns 
By internal stimuli arousing central reaction patterns 


B. Law of association 


i 


Earlier formulation 
1. Contiguity 
a. In time 
b. In space 
2. Similarity 
3. Contrast 
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4, Secondary laws 
a. Primacy 
b. Frequency 
c. Recency 
d. Vividness 
II. Later formulation 
1. Contiguity in experience 
a. Temporal relation of the reactions recency, frequency, 
primacy 
b. Rhythmic presentation of stimuli 
c. Vividness of reaction 
2. Combination leading to 
a. Connection of two or more sensory impressions 
b. Connection of two or more motor reactions 
C. Difficulties of recall 
I. Weak connection between cue and the reaction 
II. Inhibitions 
III. Disturbance of synaptic connection at centers of response: 
fatigue, disease, etc. 


INTRODUCTION 


Retention. The fact that definite concrete experiences are re- 
tained from day to day, from month to month, and even from 
decade to decade is a matter of common observation, and the 
factors, favorable and unfavorable, involved in the process of 
retention have been largely determined by experimentation. 
The results in this field now form a part of the psychology of 
learning (26: 185-186, 294-316; 31: 334-344). 

Such factors as climate, distractions, amount and kind of 
material to be learned, and the manner of presenting it are 
termed objective, whereas attitudes, interest, feelings, ‘‘mind 
set,’ innate capacities, purpose, and education are grouped as 
subjective conditions, since they form integral factors of the 
learner. These two sets of conditions apparently control the 
formation and retention of sense experience. They do not, 
however, offer an explanation of how and where retention is 
accomplished, the chief difficulty here being our limited knowl- 
edge of the physiology of the brain. But we know enough to — 
assume that retention of sense impressions (for example, per- 
ceptions of a picture, of a pound, of a tone) consists in a perma- 
nent modification wrought in the cerebral neurones during the 
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transmission of a nerve impulse from the sensory to the motor 
brain area. It is assumed that the modifications are registered 
in two ways: (1) by lessening the resistance offered at the point 
of contact between neural terminals, the so-called synapse; 
(2) by leaving in the neural tissues a predisposition to respond 
in the manner similar to that of the previous responses. 

The fact of retention is manifested (1) to an observer by the 
individual’s making reactions which imply the presence of brain 
-modifications persisting from the original or former reaction ; 
(2) to the individual by a consciousness of the former experience 
or by a reinstatement of the sense perception. The conscious 
counterpart of the reéxcitation of the neural mechanism is 
imagery, ideas, and mental complexes of various sorts. 

When one is unable to react to absent stimulus, however de- 
sirable, or to reinstate it in consciousness, one is said to have 
forgotten it. Forgetting does not occur in a haphazard manner, 
but according to an order or law. The rate at which it occurs 
for different sorts of material has been determined with some 
degree of accuracy. The methods employed — recognition and 
saving — are regarded as standard forms of procedure (386: 
348-351). 

Association. Common experience furnishes examples of the 
fact that reactions of imagery, whether in memory or in imagi- 
nation, do not occur alone, separate and isolated, but rather in 
groups, chains, systems, and complexes. The expression ‘‘that 
reminds me”’ of social intercourse is an implicit statement that 
two stories, or two plans, or two incidents, or two or more ideas 
are in some way connected. Not only images but all forms of 
coordinated and controlled movements are made possible by 
the principle of connection or association. The familiar phrases 
“bundle of habits,’’ ‘muscle memory,” “‘hierarchy of habits,” 
point to bonds of connection between simpler and separate 
reaction mechanisms. The first attempt to think about human 
behavior in a scientific way consisted in formulating laws that 
would account for the association of ideas. These laws were 
known as laws of contiguity, of similarity, and of contrast and 
were so named by Aristotle. The law of contiguity has been ex- 
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pressed in mental terms thus: “If any two focal states a and 
l occur in successive moments of consciousness as Impressions, 
the subsequent recurrence of a as impression or idea will tend, 
under similar marginal conditions, to suggest the recurrence of 
las an idea’ (19:71). The same law may be expressed in neural 
physiology as follows: When any two or more neurones chance 
to act together, the resistance offered at the synapses is lessened 
so that a subsequent excitation of one of the neurones tends 
more readily to pass over to the second or to others. The law of - 
similarity asserts that two or more sense perceptions, or ideas, 
not having occurred together or in immediate sequence as 
original experience but having identical factors, tend to become 
associated. The law of contrast states that two sense percep- 
tions, or ideas, of the same kind or of the same class, each 
having a common quality in opposite measure, tend to be- 
come associated. The laws of similarity and of contrast are 
now regarded as special classes of the more general law of 
contiguity, since both laws depend upon the presence of a neu- 
ral mechanism common to both terms of the association, the 
common neural mechanism being contiguous to the two ideas 
that are associated. ‘‘East’’ and ‘“‘west”’ are opposite ideas 
united by the idea of direction common to both (1: 81-93; 
2170-175). 

The law of combination. 1. Two or more sense 1mpressions 
connected by a single response. The conception of a common 
reaction mechanism to two or more sense perceptions may serve 
as a very useful introduction to modern views of the laws of 
association. Two objects, two events, etc., observed together or 
in immediate sequence, do not always become associated ; the 
exceptions are too numerous to prove the law. The authors 
have had playing cards stacked in the same order and distributed 
by many subjects to compartments from five to ten times a 
week for a period of from six to ten months without the order in 
which the cards were stacked ever being learned, although the 
same order was observed from one hundred and fifty to three 
hundred times. The order, or series, was learned only when it 
was made a part of the learning condition. A, B, C, D, ete. are 
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not associated because they have been contiguous 7n experience 
but because they have been reacted to as contiguous experience. 
Definite, discrete sense impressions, to be connected, must be 
contiguous in experience and responded to by a single reaction 
in which both impressions have discharged through the same 
neural pattern. 

2. Two or more responses connected to the same sense impression. 
Cooérdinate with the principle of associating two or more per- 
ceptions, ideas, etc. is that of connecting two or more responses 
to the same initiating cause. This sort of association is at the 
basis of habits, skillful movements, and certain phases of 
thought processes (86: 398-414). 

Our experiments in reaction time brought out the fact that 
both simple and compound reaction arcs may be acquired in 
part by the use of old reflex ares and in part by perfecting 
partially formed arcs. It is the existence of partially formed 
arcs, as well as the presence of multiple synapses of neurones 
in the brain, which provides pathways through which any are 
may establish connections with any other arc. To this physical 
arrangement of neurones must be added two functional princi- 
ples: first, that of mind set or purpose; and, secondly, that of 
neural ares integrated into larger and larger systems. It is thus 
possible for one and the same sense impression to arouse two 
or more simultaneous responses (8: 204-205). These responses 
often show that both innate and acquired reaction ares have 
been integrated; for example, the response of surprise with 
mouth open, eye and forehead muscles arched, and hands 
thrown up, palms out, shows such an integration. Very often 
these simultaneous movements are united into higher habits, 
so-called, for performing definite tasks, such as working a foot 
pedal and guiding a garment in stitching, or operating a foot 
press and feeding by hand for printing, or operating a clutch 
and a brake at a stop signal. When movements are connected 
in a series for performing a number of successive operations, as 
in playing a musical instrument, a single stimulus does not 
suffice to excite them in due order. Professor James, writing on 
habit, pointed out the principle that doubtless accounts for such 
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connection. He says: ‘‘What instigates each new muscular 
contraction to take place in its appointed order is not a thought 
or a perception, but the sensation occasioned by the muscular 
contraction just finished’ (12: 140-142). A complex habit may 
be initiated either by a sensation or by an idea of the action or 
of the thing to be done, but the succession of movements must 
be aroused each in turn by the muscle sensation of the muscle 
contraction immediately preceding. 

The laws of association were formulated to account for the 
connection between the order of ideas in memory, in imagina- 
tion, and in thinking; they were not applied to the association 
of movement. We have purposely extended the laws to include 
the connection between movements in order that the mechanism 
involved in connecting ideas may be understood. All reaction 
ares of sense perceptions and of ideas end in muscular contrac- 
tion; of course other types of effectors may be involved (as in 
blushing and in salivation), but in any case the contraction of 
the striped muscle is dominant. These muscles are provided 
with sense cells (muscle spindles) which, stimulated by muscle 
contraction, excite afferent impulses; these new impulses be- 
come integrated with contiguous neural processes, aroused, let 
us say, by the perception of an object. These combined proc- 
esses excite a second muscular reaction, and this in turn repeats 
the process of the former by integrating with the next serial 
perception, and so on. Observe also that such an operation 
brings together two simultaneous sense impressions: one a 
sense perception and the other a kinesthetic impression which 
by the law of combination first defined (p. 180) becomes united, 
or connected, by the following muscle response. Thus the 
kinzesthetic impression reaches back, as it were, through muscle 
contraction to the previous sense perception and integrates with 
the next perceptual process. Let us suppose that an individual 
repeats such a series of perceptual operations until the bonds of 
association between them become established. Now, in the 
absence of the objects of perception, it is possible for the 
individual to reinstate the perceptual experience as a chain of 
ideas by arousing the first member of the series by either an 
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external or a central stimulus. The rest of the series will be 
recalled, in turn, through the mediation of muscular activity. 
To quote: ‘‘The termination of a perceptual reaction can and 
does stimulate receptors which initiate a new reaction: and 
reactions which are both initiated and terminated by muscular 
activities may be linked or associated together almost end- 
lessly’’ (8: 3800). 

The association of ideas is accomplished by two principles: 
(1) that of contiguous experience, which arranges, as it were, 
the mechanism to be connected ; (2) that of joint reaction, which 
integrates the mechanism into an association. 

Both the temporal order and the vigor of the reactions have 
been formulated into laws of a subsidiary character. The 
temporal order of the experience has been expressed by the laws 
of primacy, of frequency, and of recency, and vigor of the reac- 
tions has been described by the law of vividness. These laws 
have been subjected to considerable experimentation. 

The experiments that follow provide opportunity to observe, 
first, the facts of retention, and, secondly, those of association. 


RETENTION OF SENSE IMPRESSIONS 


EXPERIMENT 54. To study the Effect of the Amount of Subject 
Matter on Retention (Class Experiment) 


Material. Metronome; three series of digits (the first series having 
five digits; the second, seven; and the third, nine) printed on three 
cards about 12 in. by 4in.; tachistoscope; three groups of common 
objects, such as pencil, knife,-comb, thimble, button. 

The first group should contain five objects fastened in irregular 
fashion on heavy cardboard for simultaneous exposure; the second 
group, seven different objects arranged similarly on a similar card; 
the third group, nine objects, no one of which appears in either of the 
other groups, arranged in like manner for exposure. Place the objects 
behind a screen where they are readily accessible. 

Procedure. 1. The metronome beats eighty strokes to the minute. 
The instructor places the first card of digits in the tachistoscope. 
The class does not know the number of digits to be exposed. The 
duration of exposure should be three quarters of a second per digit. 
Since the strokes of the metronome occur in three-quarter-second 
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intervals, the time is determined by counting as many beats as 
there are digits on the card; for example, five digits would require 
three and three-fourths seconds, or five beats. The exposure is made 
by lowering the sliding screen until its opening is flush with the front 
opening and raising it at the end of the count. Each member of the 
class counts fifteen beats of the metronome and then writes the digits 
retained in the order in which they were exposed. 

2. The objects are exposed for the same duration of time as 
the digits. After exposure, the subjects count fifteen beats of the 
metronome and then write the names of the objects as seen on 
the card. 

Results. Subject’s report. The instructor calls off the groups of 
numbers in the order of exposure, and subjects check and score their 
lists. A digit misplaced counts half. Deduct 1 for the insertion of a 
wrong digit. The groups of objects are scored in like manner. The 
results for both digits and objects are arranged in tabular form on 
the blackboard, showing the actual number exposed, the number 
retained, the averages, and the mode for the class. 


NoTE. This experiment may be repeated by presenting to the ear a new 
set of numbers and the names of a new set of objects. 


Discussion of results. Why is it necessary to count after each ex- 
posure before writing the amount retained? What efforts were made 
to retain the stimuli? To what extent does the number of separate 
impressions affect the amount retained? Why is retention higher for 
the objects than for the numbers? Has the subject any evidence 
which the instructor or others do not have that he retains the im- 
pressions of the objects, and if so what term is applied to it? 

Inference. Make a general statement in the form of a law. 


READINGS. 18: 148-149; 21:371; 28:383; 38: 155-162. 


EXPERIMENT 55. To study the Effect of Time Order of an Object 
in a Relatively Short Series on the Amount of Retention (Class 
Experiment) 


Material. Metronome; a series of nine digits and one of nine 
nonsense syllables. 

Procedure. 1. At a signal the instructor reads the series of digits in 
a uniform tone at the rate of one in three quarters of a second, as 
marked by the metronome beats. At the end of the reading, the 
subjects silently repeat the alphabet from a to m to the beats of the 
metronome, after which they write the digits in the order read. 
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2. A similar method is used for the nonsense syllables, but this list 
should be read twice. 

Results. The instructor writes on the blackboard the digits and 
the nonsense syllables as read. The subjects score their results by 
the series as written. Then the instructor determines for each digit 
and for each nonsense syllable, respectively, the number of subjects 
who retained it correctly. The digit must be correct in form and 
position in order to be counted; this being reported to the instructor 
by the individual student. The same rule applies to the nonsense 
syllables, after making exceptions for phonetic mistakes (for example, 
if ‘“‘pur’’ was spelled ‘“‘per’’ it is counted). The results given below 
were obtained from a class of twenty-four, the number indicating 
the correct record for each digit or syllable being written as an 
exponent, thus: 


Numbers ii 9 6 2 5 1 4 8 3 


12 17 2 0 1 0 1 


6 8 1 
Syllables pur gud tig. §muzZ series =mule-kak= rin’ “hud 


Discussion of results. Why is a larger number of impressions re- 
tained at or near the beginning and the end of the series respectively ? 
Why is the number of digits retained in excess of the number of 
syllables? Why would not words do as well as digits or syllables? 

The number of digits in the list is slightly in excess of the scope 
of apprehension, and the number of syllables considerably so. What 
would be the probable effect on the amount retained of adding one 
third more digits to the list? 

Devise a class experiment with the use of the tachistoscope to 
study the same laws of retention for visual impressions. 

Inference. Express the results in the form of a law. 


READINGS. 4: 152-158; 18: 149-150; 25: 86-114; 33: 72-73; 36: 376- 
381; 38: 304-306. 


EXPERIMENT 56. To study the Effect of the Rate of Receiving Sense 
Impressions on the Amount of Retention (Class Experiment or 
Two Students) 


Material. Metronome; tachistoscope; a roll of adding-machine 
paper 8.8cm. wide; rubber type, 2 cm. high and 4mm. wide, of 
digits and letters. 


If the experiment be assigned to students in pairs, E and 8S, then 
apparatus shown in Fig. 17 may be used. This figure is the end view 
of the same apparatus as shown in Fig. 16. The same size adding- 
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machine paper strips and same type of printed matter as described 
above can be used in the exposure slits shown in the upright. These 
slits are 1 cm. in height and 10cm. in horizontal width. The lower 
slit is 830 em. from the baseboard. 

If the work is done by the class and directed by the instructor, 
then use the tachistoscope (Fig. 15) as described in Experiment 49, B. 
Cut from the adding-machine paper eighteen strips 110 cm. long. 
Print on each of six strips a different series of ten two-place numbers 
6 cm. apart; on each of 
six similar strips print 
a different series of 
ten four-letter words; 
finally prepare a third 
set of six in the same 
manner, composed of 
ten nonsense syllables 
each. Place on the re- 
verse side of the strips, 
opposite the numbers, 
syllables, or words, a 
black band that will 
indicate to E the posi- 
tion of the object to be 
observed. (IfaJastrow 
exposure apparatus is 
used, eighteen card- 
| boards, 35.5 em. by 16 

©OH.B.Setue Cm.,shouldbeprepared 
Fig. 17. Small tachistoscope for receiving the num- 
bers, words, etc.) 

Procediee 1. Set the metronome to beat one hundred and twenty 
strokes per minute. E threads a strip bearing numbers in the slits 
of the tachistoscope. At a signal ‘‘Ready”’ E pulls the paper strip 
at each beat of the metronome, thereby exposing a number at the 
rate of one every half second. At the end of the exposure, S silently 
counts twenty strokes of the metronome and then records all the 
numbers retained. E then calls out the ten numbers so that S may 
correct and score his lists. Numbers with digits reversed count a 
fourth; digits in wrong positions count half; 1 is deducted for insert- 
ing a wrong number. A similar procedure is repeated with a second 
strip containing numbers, and the score is determined as before. 
Then the same procedure is applied to two strips bearing words of 
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four syllables. In scoring, 1 is deducted for every false word, and a 
word in the wrong position counts half. Finally, the two strips bear- 
ing the nonsense syllables are treated similarly. 

2. Set the metronome to beat seconds. E exposes in turn, as in 
part 1, two strips bearing numbers, two bearing words, and two 
bearing nonsense syllables. The results are scored as above. 

3. Set the metronome to beat once in two seconds. Then E ex- 
poses a third series of numbers, words, and syllables as in parts 1 
and 2. The score is computed as before. 

Results. Experimenter’s report. Prepare a table according to the 
following form : 


TABLE XXII. RELATION BETWEEN LENGTH OF EXPOSURE AND 
AMOUNT RETAINED 


HALF-SECOND ONE-SECOND TWwo-SECOND 
STIMULUS EXPOSURE EXPOSURE EXPOSURE 


Average Mode Average Mode Average Mode 


DMIMDeTS es Ge. se 
“CCS a EA SY ge 
Nonsense syllables . . 


Final average 


Each student averages his three scores in each of the three rates 
of exposure for the numbers, words, and syllables. Then the average 
and the mode for the entire class should be computed and arranged 
as in Table XXII. The table might also show the highest and low- 
est scores made in each of the three kinds of stimuli. 

Discussion of results. Ascertain from the literature the records for 
rapid, medium, and slow readers. Is the amount of retention for a 
given stimulus affected more by rate of exposure than by individual 
differences? Which rate appears the most favorable for reten- 
tion? What reasons can you assign for this? How do you account 
for the greater retention of words? Does this hold true for the 
different rates? 

Inference. Express the law of retention in relation to the rate of 
receiving impressions. 


READINGS. 21: 378-879; 28: 403-404; 33: 70-72; 34: 160. 
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EXPERIMENT 57. Classification and Retention (Class Experiment) 


Note. The purpose of this experiment should not be stated until after 
the results have been secured. 


Material. Two lists of sixteen words each. Let the words of the 
first list be, for example, the names of tools on a farm, as “‘reaper,”’ 
‘“hoe,” ‘‘rake,”’ ete., and of the dairy products, as “‘cheese,’’ ‘‘milk,”’ 
“butter”; and let the words of the second list be, for example, the 
names of objects kept in a hardware store and in a drug store. 

Procedure. The character of the words in the first list is not stated 
to the class. The instructor reads in a uniform tone at the rate of two 
words per second, after which the subjects count for ten seconds and 
then record as many of the words as possible. Before reading the 
second list, the instructor explains to the class that the words may be 
recorded under two general classes (for example, drug-store names 
and hardware-store names), and that they should thus classify them 
as they are heard and record them accordingly after they have 
counted for ten seconds. 

Results. Compute the percentage of retention in each of the two 
lists of names, and record words and percentages in a table. 

Discussion of results. Was there any special bodily movement 
observed as you recognized a name belonging to one or the other of 
the two classes? Did the fact of classification distract you at any 
time? Why does classification increase the percentage of retention? 
(See page 128.) 

Inference. State in the form of a law the relation that exists be- 
tween retention and classification. 


READINGS. 18: 167-168; 21: 397-398; 24: 243. 


EXPERIMENT 58. To study the Effect of Different Degrees of Meaning 
_in the Stimulus on the Amount of Retention (Class Experiment) 


Material. Stop watch; four lists of words: (1) sixteen words in 
logical connection (for example, ‘“‘the success of this plan makes it 
possible for Congress to adjourn for the holiday season’’); (2) six- 
teen words with no apparent logical connection (for example, 
‘““beech,”’ “‘valley,’”’ “‘apple,”’ ete.) ;- (3) sixteen suffixes and prefixes 
(for example, ‘“‘cle,’”’ “pre,’’ “‘sub,” ete.); (4) sixteen nonsense 
syllables, to be prepared by the instructor. 

Procedure. The instructor reads the sentence twice in a uniform, 
even tone. At the close of the second reading the class count for twelve - 
seconds as timed by the instructor. He gives the signal ‘‘ Write”’ at 
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the end of the twelve seconds, and the class at once reproduce the 
sentence. This procedure should be carefully followed also with the 
three other lists, — separate words, suffixes and prefixes, and nonsense 
syllables. Each series is read twice at the rate of a word or syl- 
lable every three-fourths second. The results of the class for each 
series are checked as soon as they are reproduced. To avoid 
errors in checking the results the series may be written on the 
blackboard. 

Results. Subject’s report. Make a summary of the methods em- 
ployed for retaining the impressions. 

Experimenter’s report. Construct a table according to the form 
given in Experiment 56, indicating the kinds of stimuli in a vertical 
column at the left, and recording the following data in the other five 
columns, under the following headings: (1) the highest number retained 
by any member of the class, (2) the lowest number retained by any 
member, (8) the average number for the class, (4) the mode, (5) the 
average percentage. 

Discussion of results. What enabled you to retain the words of the 
sentence (see page 128)? Did you adopt a method for retaining the 
words of any of the series? Which series, aside from the sentence, 
offered the greatest inherent aid? Is the mode or the average the 
better measure of the amount of meaning in a series? Can you 
devise a method for measuring the amount of meaning in words 
for an individual? 

Inference. Express the law of the relation between meaning and 
the amount of retention. 


READINGS. 8:43; 21: 397-401; 22: 147; 24: 235-286; 38: 309-310. 


EXPERIMENT 59. To study Retention, Mental Alertness, and 
Anticipation (Group Experiment) 


Material. Stop watch; screen board; two charts 16 in. by 20 in., 
each bearing a different set of sixteen characters, selected, arranged, 
and known only to the instructor (or two different sets of sixteen 
objects each, known, of course, only to the instructor, may be arranged 
on a table covered with a suitable screen). 

Procedure. The instructor asks about half the members of the class 
to withdraw from the room and explains to those remaining that 
there are such and such objects arranged in a certain way on the card- 
board or on the table. He is specific as to the number, the kind, and 
_ the nature of the arrangement of the objects. At a given signal the 
screen is removed and the objects are exposed for twelve seconds, 
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at the close of which the subjects count silently for twelve seconds 
and then proceed to write or draw the objects, — writing or drawing 
depends on the nature of the objects. The other half of the class now 
returns to the room and observes the same objects under similar 
conditions, but without any explanation whatsoever as to the nature 
and arrangement of the stimulus. Each member of the class counts 
for twelve seconds before recording the impressions. Repeat the pro- 
cedure, using the objects on the second cardboard. This time the 
groups should exchange places, those who remained in the room 
before being the ones to withdraw. 

Results. The results of the class are tabulated under two head- 
ings: ‘‘With Anticipation,” ‘Without. Anticipation.” The table 
should show the number of objects reproduced under each condi- 
tion, the average, the mode, the highest and the lowest number of 
impressions retained under the respective conditions. 

The students of both groups should state whether mental alert- 
ness operated under the conditions in which they worked. 

Discussion of results. Describe the effect of preperception in terms 
of bodily behavior; in terms of consciousness. What is the psycho- 
logical value of an aim in arecitation? of an introduction toa book or 
a lecture? What is the quantitative effect, according to experiment, 
of preperception on retention? (See pages 128-129.) 

Inference. State briefly the relation between preperception and 
retention. 


READINGS. 4: 161; 12: 262-264; 24: 231-2382; 36: 74-77. 


ASSOCIATION OF SENSE IMPRESSIONS AND IDEAS 


The time relations of mental processes, including those of 
association, were studied in connection with the problems of 
reaction time. There remain for study the nature and causes 
of the connections between discrete, implicit mental states. 


E}XPERIMENT 60. To observe Laws of Contiguity (Contiguity-Similarity, 
Contiguity-Contrast) and Laws of Combining Sense Impressions and 
Motor Responses (Two Students) 


Material. Key words; stop watch; writing material. 

Procedure. At a signal E calls out a key word (stimulus) and S 
records as rapidly and as fully as possible ideas which are suggested 
by it. To save time in recording the suggested associations abbreviate 
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the words. Write for twenty seconds. Repeat twice, using a new 
key word each time. ; 

Results. Experumenter’s report. Record the key word at the left 
of the page and the associated words in a horizontal line at the right. 
Then study the list carefully with a view of detecting the probable 
law by which the connection was made in any case. The following 
report shows the correct form: 


Kry WORD ASSOCIATED WORDS 


chair AR Paiaaae stool + floor + desk + hair + ceiling + plaster + stucco 
+ art + Raphael + Italy + Garibaldi + rebuke 


Discussion of results. ‘‘Chair’’ suggested ‘‘stool’’ by contiguity- 
similarity of function. Both ‘‘chair”’ and ‘‘stool’’ suggested ‘‘floor’”’ 
by contiguity, as both are supported by it. ‘‘Desk”’ was associated 
with ‘‘chair’’ by sensory combination, and the same applies to 
‘hair,’ for by this time ‘chair’? meant a barber’s chair, which 
suggested hair on the floor of the barber shop (but no particular 
shop). “Ceiling” came by contiguity-contrast to floor. ‘“‘Plaster’’ 
was associated with ceiling by sensory combination; ‘“‘stucco”’ grew 
out of ‘plaster’? through contiguity-similarity of material and of 
function (both cover up woodwork). ‘‘Art’’ was associated with 
**stucco”’ by contiguity. ‘‘Raphael,’’ ‘‘Italy,’”’ ‘‘Garibaldi,’’ were 
each in turn connected by contiguity. The same law applies to 
**rebuke.”’ S had recently read an account of an interview with 
General Garibaldi in which he severely rebuked America for not 
protesting against Germany’s invasion of Belgium. 

But why did ‘‘Raphael” and not ‘‘Rosa Bonheur” follow “‘art”’ 
and why did ‘“‘Garibaldi”’ and not “‘Dante”’ follow “Italy’’? Such 
cases call for a further analysis of the conditions governing associa- 
tions (see discussion in Experiment 61). 

Inference. Formulate the laws of contiguity and of similarity. 


READINGS. 6: 160-168; 10: 283-285; 21: 246-253; 23: 118-125. 


EXPERIMENT 61. To study the Secondary Laws of Association 
(Two Students) 


Material. Stop watch; key words that will be most likely to 
bring to mind S’s experiences; for example, ‘vacation,’ ‘‘fight,”’ 
**1492,”’ *““movies.”’ 

Procedure. At the signal ‘‘Ready’’ E pronounces a key word and 
starts the stop watch, and S records the free associations in an 
abbreviated fashion for fifteen seconds. 
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Results. Subject’s report. Write out the chain of associations after 
the form given in the preceding experiment and then proceed to 
work through the list, comparing the associated terms with such 
pertinent parts of your own experience as will determine the probable 
secondary laws that operated in each instance to cause the associa- 
tion; for example: 


Kry WorD ASSOCIATED WORDS 

breakfast: 2.nci eines late + cereals + sausage + burnt + gas flame + 
stove + Zenith Furnace Co. + coke oven + light 
+ inferno + Dante 


Discussion of results. ‘‘Breakfast”’ suggested “‘late’’ because that 
meal had been served later than usual for several days (law of 
recency). ‘‘Cereals’’ appeared next, being the usual first dish for 
breakfast (law of frequency). ‘‘Sausage,’’ too, followed ‘‘ breakfast,” 
rather than ‘‘cereals,’’ by the law of recency, because fresh country 
sausage had been served on two previous mornings. ‘‘Burnt”’ 
popped up next, owing to the laws of vividness and recency; the 
sausage had been overcooked and when served made not only an 
intense stimulus to the senses of smell, taste, and vision but pro- 
voked a vigorous reaction. A second or more of blankness occurred 
here, broken by the appearance of a visual image of a feeble gas 
flame (the law of recency). On the previous day the subject had 
observed an inconstant gas flame due to the irregular flow of gas. 
‘*‘Gas flame” suggested ‘‘stove”’ (frequency), which in turn brought 
out ‘‘Zenith Furnace Co.”’ by the law of primacy. The stove had 
been purchased ten years before from that company. ‘‘Coke oven” 
followed ‘‘furnace”’ (frequency). The imagery of light aroused by 
“*coke oven’’ resembled so-called sheet lightning at first but changed 
instantly into leaping tongues of fire and lurid smoke (vividness). 
“Inferno”? was associated with ‘‘coke oven” (frequency) rather 
than with “‘light”’; the subject never sees nor images a coke oven 
without thinking “inferno” or ‘‘hades.’’ ‘‘Dante’”’ popped up by 
the law of frequency. 

Practice in detecting the operation of the secondary laws is recom- 
mended as an exercise for the individual. A key word may be found 
by taking the first word the eye chances to see upon opening a book, 
and then recording the associations that follow for the next thirty 
seconds. Work through the chain of associations word by word by 
means of introspection, comparing and checking each with the 
experience upon which they are based. 
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EXPERIMENT 62.1 To study Quantitatively the Secondary Laws 
of Association (Group Experiment) 


Note. This is a modification of the original methods devised by Pro- 
fessor Mary W. Calkins in her study of the secondary laws of association. 
Groups of twenty to twenty-five may perform this work at the same time. 


Material. Metronome or stop watch; tachistoscope (see Fig. 15) ; 
ten series of nonsense syllables. Number the series from I to X. 

Prepare ten strips of paper, each 110 cm. long, cut from a roll of 
adding-machine paper 8.8 cm. wide. Print upon each strip ten non- 
sense syllables, each syllable paired with a number of two digits, 
taking care that no syllable or number is repeated on any two slips. 
The letters are printed from rubber type and should be at least 2 cm. 
in height and 0.5 mm. in width. Leave a space of 6 cm. between the 
syllables. Repeat the series of nonsense syllables just below the 
paired columns of syllables and numbers, as indicated in the lists 
below. The series given here (modified from Starch) serve as samples 
from which the ten series may be constructed. It will be observed 
that the first series is designed to reveal the operation of the law of 
frequency and the second the law of vividness. Of course primacy 
and recency are shown in each series by the first and last pairs. 
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Procedure. The students are seated in front of the tachistoscope. 
The instructor threads the tachistoscope with strip bearing Series I 
and, at a signal, exposes a syllable and its number for three seconds ; 
allowing two seconds to intervene before exposing the next pair. This 
is continued until the ten pairs are exposed. The class is instructed 
to pronounce silently both the syllable and the number. Thesyllables 
of the test series are now exposed at the same rate, and the class 
writes the number corresponding to the syllable as it is exposed. 
Proceed similarly with the other nine series, allowing an interval of 
at least two minutes between the successive series. 

Results. The instructor should suspend the ten strips bearing the 
ten series before the class, so that each member may check off the 
number and kind of correct associations. Since there are ten series, 
it is possible to have ten correct associations each for primacy and 
for recency. But since only the odd series present conditions for 
frequency, and only the even series conditions for vividness, it is 
possible to form only five correct associations each for frequency and 
vividness. Finally, there is left a possible sixty-five cases for mis- 
cellaneous associations. In determining the per cent of associations, 
10 becomes the base for primacy and recency, 5 for vividness and 
frequency, and 65 for miscellaneous associations. The following 
table is based upon the results obtained from ten subjects: 


TABLE X XIII. RESULTS FOR SECONDARY LAWS OF ASSOCIATION 


NUMBER OF CORRECT ASSOCIATIONS 
SERIES 
Primacy Recency Vividness Frequency | Miscellaneous 
| pp See ag eee oh ff Zz, 2, 2 14 
Spas aa thc 5 3 4 i 19 
Ill 6 5 4 2 Zo 
EN Spies RE 6 6 ia 4 25 
Vig dss Se Las ge 39 3 i 3 20 
es oa eka 6 4 3 3 19 
‘Vie ie Wier Rare 4 4 1 5) 20 
VILE 2 3 0 5 20 
Mei Oo oe BAS 6 0 2 3} 19 
Doe Do ete melee 2 74 3 it rf 
Averages Aoi 3.2 2.3 3.0 18.8 
Percentages 47 32 46 60 Zoro 


Discussion of results. If the percentage of the miscellaneous asso- 
ciations should be higher than that of any of the others, what infer- 
ences might be drawn about the conditions of the experiment? 
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Show how the laws of combination and contiguity operated in this 
experiment (see page 130). If muscular contraction occurred, what 
muscles were used? Did this contraction aid in forming the associa- 
tions? How? Which set of conditions do you think demonstrates 
more rigidly the four secondary laws of association, that of Experi- 
ment 61 or that of Experiment 65? (Answer after performing Experi- 
ment 65.) Makea list of your memories, illustrating each one of these 
four laws. Does your own experience corroborate the adage ‘First 
impressions last longest’’? What conditions give rise to the law of 
primacy? of recency? of frequency? Mention some practical appli- 
cation of these laws useful to the public speaker; the salesman; the 
teacher; the lawyer; the student. 


READINGS. 7: 149-154; 12: 264-267; 17: 160-169; 25: 86-114. 


ASSOCIATION REACTION AS A MEANS OF DIAGNOSIS 


The primary and secondary laws of association are reputed 
as universal in validity and point to a commonalty of human 
behavior. They give no indication of the mind’s individuality 
or even of types and of attitudes of mind. The remaining 
experiments in association are designed to reveal types, emo- 
tional complexes, community of ideas, individuality, and the na- 
ture of logical association. The methods here seek individual 
and differential results rather than laws of universal validity. 


EXPERIMENT 68. To study Individuality in Free, Continuous 
Association (Two Students) 


Material. Stop watch or clock with second-hand; blank forms 
- containing fifty numbered spaces. 

Procedure. At a signal agreed upon E starts the stop watch and 8 
begins to say words aloud, beginning with any chance word, as fast 
as possible until fifty are given. E writes the associated words in an 
abbreviated form on the prepared blanks and stops the watch at the 
end of the fiftieth response. S is cautioned to respond in words and 
not in phrases or sentences, also to refrain from responding to 
perceived objects, seen or heard. The abbreviated record is com- 
pleted by E and S together. E and S now exchange places, and 
fifty more responses are made in the same manner. 

Results. Subject’s report. Each subject studies his own list and 
classifies the words under the following headings: (1) Perceived 
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Objects, those of both sight and sound perceived during the 
trial (critical inspection may show responses to perceived objects) ; 
(2) Alliterative Words, as “‘rip,” “ripe,” “‘rope’”’; (8) Riming Words, 
as ‘‘some,” “plum,” “‘dumb’’; (4) Pivotal Words — for example, 
in the list ‘‘ floor,” ‘“‘rug,’’ “‘carpet,’’ ‘“mat,” ‘“‘“gym,”’ “class,” “‘ play,’ 
“game,” ‘sport,’ “variation,” “‘heredity,’’ the words “‘floor’’ and 
‘sport’? stand at turning-points in the series and give rise to a 
number of associations, each connected with a common theme; 
(5) Abstract Nouns; (6) Proper Nouns; (7) Common Nouns; 
(8) Miscellaneous. The individual records should show the number 
of words classified under each heading. 

Experimenter’s report. Record the time required by S to write the 
fifty association words. 

Arrange the results of the class in a table of eight columns with 
the headings given above, the subjects’ names at the extreme left, 
and the time for each subject at the extreme right, the median and 
average time being determined for the group. 

Discussion of results. Compare your time for making the fifty asso- 
ciations with the median and the average of the class. Do you regard 
yourself a slow, a medium, or arapid thinker? Are youarapid talker? 
In which of the above groups do the larger number of your words fall ? 
Why? Do your words fall under the exceptional headings or in those 
that are common? How do you interpret that fact? 

If possible, secure fifty associations under the conditions of this 
experiment from children of nine, twelve, and fifteen years of age, 
respectively. How do you account for the wide differences in time? 


READINGS. 28: 118-126; 338: 44-53. 


EXPERIMENT 64. To observe the Extent of Community Ideas by 
Discrete, Free Associations (Group Experiment) 


Material. Metronome; strips of paper with fifty ruled spaces; a 
list of fifty common words, nouns predominating. 
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The list is here printed upside down to prevent the student’s gain- 
ing familiarity with it. Similar lists may be selected from Kent and 
Rosanofi’s ‘‘A Study of Association in Insanity” (15: 77-123). 

Procedure. E pronounces the key words as distinctly as possible 
at the rate of one every fourth second. To secure exactness in time 
E counts silently ‘‘one,’’ ‘“‘two,’’ ‘“‘three,’’ with the beats of the 
- metronome, and instead of counting the fourth beat pronounces 
the key word; counts again “‘one,” “‘two,”’ ‘‘three,’’ etc., until the 
fifty words are pronounced. S records at once the word (phrases or 
sentences that pop up are ignored) suggested by the key word. 

Results. Two members of the class should compile the results and 
report for discussion at a subsequent hour. The suggestions and 
examples given here may aid in preparing a report. Arrange the 
associated words in alphabetical order. The following tables and 
histograms express the results of twelve subjects responding to the 
fifty words presented above; twenty-five or thirty subjects would 
require more elaborate tables. Since twelve responses were made 
to each word, they might all be different, or all alike, or part alike 
and the rest different, or again there might be two sets of frequencies, 
a higher and a lower, and the rest be different ; for example, ‘‘sweet’”’ 
brought ‘‘sugar’”’ five times, ‘“‘sour’’ four times, and three different 
responses. The number of community responses made to a word 
may be expressed by letters, using O for different responses and 
A, B, C, ete., respectively, for seven, six, five, etc., similar responses. 
Number the subjects and place their numbers on a horizontal line 
at the top of the table as given in Table XXIV. 


TABLE XXIV. FREQUENCY OF COMMUNITY RESPONSES, INDIVIDUAL 
RESPONSES, AND COMMONALTY OF WORDS 


WorpD SUBJECT’S NUMBER SUMMARY 
oo MU eiesGle Bee eT) 8G i10 110) 12-|. 7 6B 480 
1 POR BB VOLO +.O..0 (BAB |-O B 6 
Z; Man ae AA} ArlO: FO 1O 10 }A +O A 5 
3 Ove) Ba OB O:| 0-0 |B \ BOB B 6 
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BO be. uti) OnRelO.| F|.0 
Community 
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Different re- 
sponses . |27|18/ 17) 20| 30 
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The numbers corresponding to the key words appear in a vertical 
column at the extreme left. The letter symbols signifying number of 
community responses are placed at the right of the number of the key 
word under each subject’s number. The summary to the extreme 
right is given in letters; for example, to the fourth word, C (5) re- 
sponses were similar, E (3) were alike, and O (4) were different. The 
totals in horizontal lines at the bottom of the table show the com- 
munity and different responses of the subjects to the fifty words; 
for example, subject number 2 shows a commonalty of 32 responses, 
or 64 per cent, while subject number 12 shows only 17 responses, 
or 34 per cent. Two frequency distribution tables, based on results 
of the table, are here constructed. Histograms! are drawn from each 
of the frequency tables and are intended to express the range and 
amount of commonalty and individuality, respectively. If desired, 
a distribution table may be constructed from lower and higher fre- 
quencies of commonalty. 


TABLE XXV. DISTRIBUTION OF COMMUNITY RESPONSES 
To Firty KEY WorDs 


9 words received 2 similar responses 
11 words received 8 similar responses 
12 words received 4 similar responses 
7 words received 5 similar responses 
5 words received 6 similar responses 
3 words received 7 similar responses 
1 word received 8 similar responses 

1 word received 9 similar responses 

1 word received 10 similar responses 


TABLE XXVI. DISTRIBUTION OF INDIVIDUAL RESPONSES 
TO Firry KrEy Worps 


1 word received 3 different responses 

1 word received 4 different responses 

3 words received 5 different responses 
6 words received 6 different responses 
7 words received 7 different responses 
11 words received 8 different responses 
7 words received 9 different responses 
6 words received 10 different responses 
7 words received 11 different responses 
1 word received 12 different responses 


1 A histogram is a graphic representation of a frequency distribution by means of 
a frequency surface divided into rectangles. 


a 
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Key Key 
Words Words 
12 12 
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1204 517°6.'7 8 9: 1011 12 12345678910 
Individual Responses Community Responses 


Fic. 18. Histograms, showing comparative number of individual and 
community responses to common words 


Discussion of results. Compare tables and corresponding histo- 
grams to decide which is the greater, responses of individuality or 
those of commonalty. Examine the words and the amount of com- 
monalty in class results with a view to finding factors that tend to 
promote common responses. Why should a word like ‘“‘trouble”’ 
arouse no similarity of responses when one like “‘foot’’ received the 
same response in 75 per cent of the cases? Does the per cent of 
your frequency responses rank you as tending toward commonalty of 
your class or away from it? Would stimuli designed to arouse feelings 
show comparatively more or less commonalty? Justify your answer. 

Inference. Summarize the main facts in a few statements. 


READINGS. 18: 219-269; 15: 5-15, 16-30; 34: 44-67; 35: 24-110; 
Sis 9- 19: 


EXPERIMENT 65 A. To study Controlled or Logical Associations 
involving the Relation of Opposites (Two Students) 


Note. Because of the length, as well as the varied aspects, Experiments 
65 A to 65E will require two or more class periods. E and S should exchange 
places at the completion of each exercise. ; 


Material. Stop watch or Sanford’s chronoscope; sheets of paper 
with twenty numbered blank spaces for recording the key word, the 
stimulus, and the time; two lists of twenty key words each for easy 
opposites and two similar lists for difficult opposites (each list may 
be printed on a strip of paper, or each word may be printed on a 
small card). 


150 PSYCHOLOGY BY EXPERIMENT 

118s [BOl}IOA prep ysry 

jorpaq AUjts peoiq SUIY}EUIOS 
dAdasaid pouyal aulod 4sva 
AZBI0 sno.Jeues 81q ul 
ysnd qiede Jay 4O1q yqiou 
soUBIPULY uly} doe[se Ieau 
Aqyysney Ae4s Aep Je] 
Jepuey a[e4s AO] 942] 
Asnq yoIs 44 S1e14s AAvoy 
[HjIzNeeq onled yes A4Ip 
yuepuodsep aloy Mou 4e310J you 
pno[ ASIOu yeom Aueul 
qus.0UUL pno] JoqUIM I@M 
Jastul a¥I] sunof& A4duwe 
pists SS9] sof youl 
snotoidsns pes SUOIM VY BI] 
Adaeyjs 4SIy 4jos OVI M 
Apiey as[ey MOU yornb 
qo114s 4soq yom oprs}no 
povvons quesqe dn poos 

II 1s! J Isr] II LST I isi] 


SGLISOddQ LTNOWM4IG SALISOddQ ASV 


These sample lists of easy and difficult opposites may be used if 
they have not been observed by S. 

Procedure. E gives a ‘‘Ready”’ signal; then starts the stop watch 
and pronounces the key word simultaneously, and stops the watch 
when S responds with a word whose meaning is opposite to that of 
the key word. The time is recorded in tenths of a second, together 
with the key words and response words. As soon as the first list of 
easy opposites is finished, E and S exchange places and proceed with 
the second list of easy opposites. Impress upon S that the exact oppo- 
site is required in the response and that no other will be accepted. 
Proceed similarly with the difficult opposites. | 

Results. Subject’s report. Give the characteristic movements and 
attitudes observed as the response with an opposite word is made 
and also any tendency to respond with synonyms or with the key 
word. 

Experimenter’s report. Inspect both easy and difficult opposites 
for errors. After eliminating erroneous trials, compute the medians 
and the averages of each list. 

Discussion of results. How may the relatively short association 
time of opposites be accounted for? What is the element of simi- 
larity that exists in opposites ? 
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If your observations are not clear, repeat the experiment with ten 
different words having opposites, and note bodily movements, etc. 

Why does one often say “‘west’’ when he intends to say ‘‘east’’? 
Can you give other practical examples of opposites? 

Inference. Place the inference at the end of Experiment 65 E and 
let it include what has been learned from the results obtained in 
Experiments 65 A to 65 8, inclusive. 


EXPERIMENT 658B. To study Controlled or Logical Associations 
involving the Whole-Part Relation (Two Students) 


Material. Stop watch or Sanford’s chronoscope; numbered blanks 
for recording the results; two lists of twenty words each. 
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Procedure. The same procedure as in Experiment 65 4 is followed, 
except that S responds with a word that names a part of, or an 
object included in, the whole as named by the key word; for ex- 
ample, E pronounces ‘“‘table,’’ to which S responds ‘“‘top,”’ “‘caster,”’ 
or ‘‘leg.’’ Require S to state after each response if the response word 
was chosen from among several possible responses after some hesi- 
tation, or if it came alone and without effort. Call the former 
responses rational and the latter habitual; for example, ‘‘lamp”’ as 
key word aroused ‘“‘chimney,” ‘‘wick,’’ ‘oil’? (the visual image of 
oil in the glass bowl was chosen and expressed), but when “‘hat”’ 
served as the key word ‘“‘brim”’ appeared at once, alone and as vocal 
motor, an example of a habitual response. 

Results. Subject’s report. Concerns conflicts between secondary 
(Exp. 62) and part associations etc. 

Experimenter’s report. Compute the average, median, mode, and 
M.V. of the rational and habitual responses respectively. 

Compare the time for the opposite reaction with that for the 
part-whole reaction. 
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EXPERIMENT 65 C. To study Controlled or Logical Associations 
involving the Subordinate Relation (Two Students) 


Material. Stop watch or Sanford’s chronoscope; sheets of paper 
having twenty ruled blank spaces; two lists of twenty words each. 
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Procedure. The procedure is the same as in Experiment 65 4, 
except that S responds with an associated word that names a subclass 
in the family named by the key word; for example, E pronounces 
‘feline’? and S responds ‘“‘tiger.’’ Let the record show key word, 
associated word, and the time. 

Results. Subject’s report. Compare inhibitions and readiness to 
respond with those of Experiment 65 B. 

Experimenter’s report. Compute the average, median, of the 
rational and habitual responses respectively. Compare the two 
medians of this experiment with the medians of similar quantities 
in Experiment 658B. Compare your results with those of other 
members of the class. 

Discussion of results. Account for the tendency of the medians in 
the rational and the habitual responses involving subordinate rela- 
tion to be smaller than those of the whole-part relation. Compare 
the number of rational responses with that of the habitual in both 
Experiments 65B and 650, the former responses being words sug- 
gested by the conditions of the experiment or otherwise, the latter by 
force of habit; for example, century — twentieth. 


EXPERIMENT 65D. To study Controlled or Logical Associations 
involving the Relation of Synonyms (Two Students) 


Material. Stop watch or Sanford’s chronoscope; two strips of 
paper with twenty ruled blanks; two lists of twenty words each 
similar to the lists given on page 158. 
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Procedure. E starts the stop watch, after giving the ‘“‘Ready’’ 
signal, and at the same time pronounces the key word distinctly, 
and S responds to the key word with a synonym. S must not re- 
spond until he is sure that he has the correct synonym. Guessing is 
not allowed. As soon as the first list is finished, E and S exchange 
places and proceed with the second list. As in Experiments 65 B and 
65c, S reports whether the synonym appeared spontaneously after 
the manner of a habitual response or whether it appeared with 
effort. S also reports when two or more synonyms appear, neces- 
sitating a choice. 

Results. Subject’s report. Describe increased difficulties and inhibi- 
tions encountered. 

Experimenter’s report. Compute the average, median, and the 
M.V. for the twenty responses. Observe the irregularity of the re- 
action time. - 

Discussion of results. What characteristics belong to the key 
words whose synonyms appear with much effort? What explana- 
tion can you offer for the spontaneous appearance of the synonyms? 
Does your explanation refer to the subject or to the key words? Is 
there a direct correlation between the time responses with synonyms 
and scholarship? How should you investigate such a problem? 
What experiment have you performed in which the associations 
roughly contrast with those of the present report? 


EXPERIMENT 65. To study Controlled or Logical Associations 
based upon Similarity of Relations (Two Students) 


Material. Stop watch or Sanford’s chronoscope; two sets of words 
expressing similar relations, each set consisting of] twenty parts of 
four words each, three of which are expressed and one required; two 
strips of paper with twenty ruled blanks. 
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Note that in the lists given each set is composed of twenty pairs 
of words and with each pair is a third bearing the same relation to 
a fourth word as the first word does to the second. For E’s con- 
venience in giving the experiment the three words constituting the 
stimulus may be written on a small card. 

Procedure. E acquaints S with the nature of the experiment by 
giving several preliminary instances; for example, E might say, 
“Soil is to plant as food is to what?”’ implying that the relation of 
soil to plant is the same as that of food to animal. E starts the 
watch at the same time that he pronounces the third word, in this 
instance ‘“‘food.’? S responds as soon as possible with a word standing 
in the same relation to the third as the second stands to the first. 
E must adhere to the same formula of presentation and maintain 
the same tone of pronunciation throughout. The following formula 
is recommended after the ‘““Ready”’ signal: ‘‘ Penny is to copper as 
nail is to what?” or ‘‘ Dog is to canine as trout is to what ?”’ 

Results. Subject’s report. Describe the bodily conditions before 
the second word of the four terms is pronounced; after the third 
word is pronounced. 

Experimenter’s report. Compute the average, median, and the 
M.V. of the reaction times and compare them with similar quanti- 
ties obtained for the entire class. 
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Discussion of results. What condition did the body assume at the 
recognition of the third word? What means did you employ to keep 
the first relation in mind while searching for a suitable term for the 
second relation? Which appeared first, the second relation or the 
second term of that relation? (If in doubt, repeat with six or eight 
trials.) What mental and bodily changes occurred with practice? 
Give evidence from your own experiences that the perception of a 
relation is accompanied by motor changes. 

The individual student may express the average, range, and M.V. 
of his logical association time for Experiments 654A to 655, using 
Table XXVII as a model. It is well to combine the results of all 
members of the class, using total average, of course. 


The logical relations of supraordinate (‘‘apple’’ — “‘fruit’’), 
part-whole (““elbow”’ — ‘“‘arm’’), agent-action (‘‘fire’’ — ‘‘burns’’), 
and adjective-noun (‘‘sharp’’ — ‘“‘knife’’) may be used to extend 


the study of logical associations. Familiarity with the processes of 
logical associations, so-called, aids in the study of purposive thinking. 
List the major causes of the Civil War. Do likewise for the causes 
of the American Revolution. What does such a task show about the 
relation between familiarity and reasoning? Reaction time obtained 
for different logical associations should be compared with the norms 
given in the following table: 


TABLE X XVII. AVERAGE OF INDIVIDUAL AVERAGES, AVERAGE 
DEVIATIONS, ETC. ! 


AVERAGE TIME SVEREGE RANGE OF 
NATURE OF LOGICAL IN SECONDS Beata Oa: INDIVIDUAL 
ASSOCIATION PER SINGLE OM RESPONSES 

GENERAL AVERAGE 
RESPONSE (SECONDS) (SECONDS) 
Basy Opposites 29. a=... TEE OniZ 0.85-1.40 
Easy verb-object .... . 1.31 0.14 1.10-1.55 
Supraordinate concept. . 1.54 0.31 0.90-2.50 
Subordinate concept .. . 1.84 0.31 1.20-2.63 
arta wWhOli Garin iris 4) ss 1.53 O20 1.038-2.50 
Mihole partite te ce. | 1.57 0.32 1.13-2.35 
ASeNt-actiONis.. 3 4... 30 0.12 0.93-1.70 
NCtION=a Genta. acu ss fs... 50 0.32 1.03-2.68 
Adjective-noun. ..... 1.53 0.28 1.08-3.05 


Mixed relations. .... . 3.14 0.53 2.338-4.40 


READINGS. 16: 226-227, 233-234; 29: 230-235, 347; 35: 78-84; 87: 


56-67. 
1 Taken from Woodworth and Wells (37: 65). 
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EXPERIMENT 66. To study the Character of the Relations existing 
between the Key Word and the Response Word in Association 
Reactions (Two Students) 


Material. Fifty key words; stop watch or Sanford chronoscope ; 
ruled paper for records. (If the association time was determined in 
the preceding experiment, the results will suffice for this one.) 

Procedure. E gives a ‘“‘Ready”’ signal and then starts the watch 
just as he pronounces the key word, and stops the watch when S 
responds with an associated word. E adheres strictly to a uniform 
method of pronunciation. E records on the same line the key word, 
associated word, the association time, and saves a space for recording 
the nature of the association. 

Results. Subject’s report. Examine results and classify the re- 
sponses as far as possible according to the plan given here. Should 
the headings prove inadequate, consult the literature with a view to 
revising the plan to serve your results more closely. 

Class 1. Repetition. These sensorimotor responses of one sort 
and another usually arise from the imitative and suggestive ten- 
dencies resident in the visual and audile speech-motor ares; for 
example, key word ‘“stem,’’ response “‘tree’’; next key word 
*‘Jamp,”’ response, again ‘‘ tree’’; or key word ‘‘salt’”’ and response 
esate. 

Class 2. Speech habit. The responses of this class are due (1) to 
the speech associations of everyday life (for example, ‘‘bread’’ — 
“butter’’; ‘hammer’ — ‘“‘tongs’’) or (2) to sound, as ‘“‘crack”’ 
— ‘*whack.”’ 

Class 8. Contrast. For example, ‘‘swift’’ — ‘“‘slow.” Some ap- 
parent cases of contrast are due to speech habits, as ‘twise’? — 
‘foolish,’ ‘left’? — “‘right.’’ 


Class 4. Synonym. For example, ‘‘sharp’’ — ‘“‘keen,”’ ‘‘bashful’”’ 
— ‘*modest.”’ 

Class 5. Coexistence. For example, ‘“‘team’’ — ‘‘wagon,”’ ‘“‘sol- 
dier’’ — ‘“‘gun.”’ 

Class 6. Supraordinate. For example, ‘“‘owl” — “bird,” “‘lily”’ 
— “flower.” 

Class 7. Subordinate. For example, “‘fruit’’ — ‘tapple,” ‘‘gar- 


ment’’ — ‘‘coat.”’ 

Class 8. Object relation. For example, ‘‘orange’”’ — ‘‘eat,’’:‘‘deer”’ 
== shoot,’ 

Class 9. Subject relation. For example, ‘‘boy’’ — ‘play,’ ‘‘horse”’ 


ee 99 
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Class 10. Simple predicate. For example, ‘‘iron’’ — “‘heavy,”’ 
“spinach”? — ‘‘green.”’ 

Class 11. Egocentric. For example, ‘“‘afraid’’ — ‘‘not,” ‘“‘hate”’ 
— ‘nobody.’ These responses reflect some personal attitude. 

Class 12. Casualty. For example, ‘tired’? — “impatient,” 
“poverty ’’ — ‘‘sickness.”’ 


The following arrangement of the results will prove convenient 
for study: 


Key WorRD ASSOCIATION WORD TIME NATURE OF ASSOCIATION 
drink water 0.6 sec. object relation 
captain ship 0.8 sec. coexistence 


Discussion of results. What classes of association show about the 
same reaction time? Note the classes giving the shortest and the 
longest time respectively. Is this an exception or is it generally true 
of the records of other subjects? Give classes of association formed 
in your thinking similar to those involved in this experiment. Which 
classes of associations resemble those made in thinking to solve a 
problem? What name might be given to associations bearing these 
relations ? 


READINGS. 15: 20-28; 35: 78-84; 37: 56-67; 38: 300-310. 


EXERCISES 


1. Give some causes which in your experience have led to for- 
getting. Can you report from your own experience for or against 
the theory that we forget those things which are unpleasant to us? 
Who is the author of this theory? 

2. Give one principle you have learned from experimental work 
that will lessen forgetting. 

3. How may a principle of association be applied to the detection 
of validity of testimony in a criminal? 

4. Describe your method of trying to recall a name. 

5. How may emotional complexes be studied by the association 
method? What modern treatment makes use of this method in 
diagnosing mental disorders? 

6. Give examples of controlled association in various arithmetical 
operations. 

7. Give examples of three pairs of ideas, each connected by 
association, as man and wife; of three series of ideas, as a multi- 
plication table; of a group, as a class. 
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8. One starts to another room to find a certain article. When the 
room is reached the article is forgotten. What causes the forgetting ? 
Why will memory generally come if one goes back to the first posi- 
tion and starts again exactly as before? 


9. What is the relation between retention and “‘cramming’’? 


10. Give examples from your own experience of the effect upon 
retention of the purpose or resolve to learn when studying. 


11. Why may the sight of an orange make the mouth water? 


12. How does the training of animals depend upon association ? 
(Conditioned reflex.) 


13. How may association account for our fears by the penne 
of conditioned reflex? 


14. Give an example of the formation of a new habit and explain 
the part played by association. 
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CHAPTER VII 


PERCEPTION 


1. Perception is the first operation of all our intellectual faculties and the 
inlet: of all knowledge in our minds. — JOHN LOCKE, An Essay concerning 
Human Understanding, Vol. I, p. 262 


2. Besides sensational elements, moreover, perception in all probability 
includes certain unemphasized relational elements.— MARY WHITON CALKINS, 
An Introduction to Psychology, p. 169 


3. Perceptual activities constitute a type of psychological action in and 
through which are developed the significance of meanings of things and re- 
lations operating in the adaptation of the individual to his surroundings and 
in the control of them. — J. R. KANTOoR, Principles of Psychology, p. 250 


4, We have found certain laws of configural function developing on the one 
hand through mere maturation — though not to be sure without stimula- 
tion — and on the other hand being recast or newly created.... In the 
adult a configural function is, in its phenomenal aspect, a perceptual experi- 
ence in its own right; for it is neither a mere judgment, nor a mere appre- 
hension of sensations. The development of these configurations cannot be 
conceived as a simple combination of sensations, or as the outward mani- 
festation of a juxtaposition of repeated sensations. — KURT KoFFKA, The 
Growth of the Mind, p. 297 


TOPICAL OUTLINE 
Nature of Perception 


A. Acquired concrete mental responses 
I. Primary differentiated reaction systems of meaning 

1. Meaning of an object aroused by combining the reaction sys- 
tems developed by it 

2. The core: “‘perceptual-reaction-system’”’ performing an inter- 
pretative function to present and new sensations 

II. Component factors 
1. Present sensations (peripherally aroused) 
2. Central sensations (aroused by perceptual patterns) 


III. Laws governing the codperation between present and central 


sensations 
1. Laws of attention 
2. Laws of association 
B. Relation of perception to other forms of response 
I. Attitudes 
II. Images 
III. Motor reaction 
160 
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Kinds of Perception Classified 
A. According to degree of development 
I. Primary perception 
II. Mixed or secondary perception 
III. Symbolic perception 
B. According to the general aspects of the perceived object 
I. Qualitative perception: red, hard, bitter, c!—c? (octave higher) 
II. Spatial perception 
1. Development in the individual 
2. Kind classified by receptors 
oe ftactual 
' 6. Visual 
c. Auditory 
d. Kinesthetic 
III. Temporal perception (an abstract of intervals between sequen- 
tial events) 
1. Probable origin of primary temporal intervals 
a. Connected with the rhythmical changes of the neural 
processes in the brain 
b. Connected with the rhythmical changes occurring in the 
vital organs 
c. Connected with the intervals afforded by the accented 
measures: in walking, in arm-swinging 
2. Estimation of passing time and of time in retrospect 
C. According to the degree of fidelity between the perception and its 
object 
I. True perceptions 
II. False perceptions 
1. Illusions 
2. Hallucinations 
III. General causes of illusions 
1. Sensation associated with the wrong perceptual pattern 
2. Thesensation impulse controlled by habitual modes of response 
3. Influence of external conditions 
Purpose of Perception 
A. To focalize and control motor responses 
‘B. To provide the concrete elements of knowledge 


INTRODUCTION 


The problems of perception are found in the statements that 
sensations in their functional relations form the elements of 
knowledge and that they begin to function as knowledge just as 
soon as they become interrelated into a system corresponding 
to the permanent arrangement of the properties of objects. 
The fact of interrelation is described as sensation fusions, as 
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blends and patterns, as ‘‘figured consciousness,” which, by 
repetition, come to form the permanent part of our perceptual 
reaction system. Common or familiar objects are usually per- 
ceived in permanent ways, although the sensations aroused by 
them may never be quite the same on any subsequent occasions. 
The corners of buildings, of rooms, of paving stones, of tables 
and desks, are perceived as square despite the fact that the 
sense imagery of their right angles is either obtuse or acute. 
Likewise the size and shape of known objects are perceived as 
unaltered, whether far or near, whereas the sensations aroused by 
them change with the change of distance. The same principle 
operates in language. One need not and usually does not hear 
all the words of a conversation or of a public speaker. If 
enough is heard to arouse meaning, the permanent factor, 
the wrongly heard and unheard portions are ignored or un- 
noticed. Such observations tend to show that sensation patterns 
formed and stabilized under the stress of environmental ad- 
justment perform the leading function in perceptual experience ; 
that the perception of an object is a resultant of two factors, 
present sensation and centrally aroused experience relative to 
the object ; that the perceptual reaction systems constitute the 
norms or standards, as it were, by which sensations are inter- 
preted; that one and the same object connects with several 
possible reaction systems; and that the one which it arouses 
depends upon expectancy, ‘“‘mind set,’ and upon the laws of 
association. The experimental problems of perception grow out 
of the relations that exist between the central reaction systems 
and the present excited sensation. Meaning, hallucination, all 
false perceptions, and illusions depend upon the sort of joint 
_action that occurs between these two general factors. 

We must remember, however, that perception is a total 
reaction, a unique mental operation in its own rian and not 
a fusion of separate sensations and ideas. 

Perhaps the most striking example of the ‘‘ wholeness”’ in per- 
ceiving is furnished by visual perception, where each eye con- 
tributes a somewhat different impression of one and the same 
object which is perceived as one. 
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GENERAL ASPECTS OF PERCEPTION 


EXPERIMENT 67. To study the Nature of Perception (One Student) 


Material. A coin (penny, five-cent piece, quarter, or fifty-cent 
piece), stamp, state seal, or some familiar small object; pencil and 
paper. 

Procedure. S draws the object from memory, filling in details from 
memory only, being careful not to make use of imagination. On the 
same sheet he lists the details of the drawing. S then takes the 
object and makes a drawing from direct observation, filling in details 
as carefully as possible and making a list similar to that above. 

Results. Subject’s report. The drawings and lists are the subject’s 
report. 

Discussion of results. Compare the two drawings and lists of words 
as to definiteness, detail, and stability. How does your perception of 
a table differ from what you really see according to the laws of per- 
spective? Give other examples of this principle. 


READINGS. 2: 122-129; 26: 95-97; 30: 423-433. 


EXPERIMENT 68. To study the Component Factors of a Perception 


A. A Study with a aivord having Incomplete Contours Cee 
Experiment). 

Material. Large card containing a word as shown in Fig. 19. 

Procedure. The instructor places the large card, which should not 


have been seen before by the salt — 
subjects, at a convenient dis- ie ~ & / 
tance before them. They print Me) Me | lke dh fe Ney 


the word as it appears. The 
card is passed around and 
studied at close range. 

Results. Subject’s report. Describe the letters on the card as seen 
from a distance and as seen ten inches away. 

Discussion of results. Explain why the incomplete letters were per- 
ceived as complete. What were the peripheral sensations in the per- 
ception? What formed the basis of the centrally excited sensations? 

B. A Study with a Puzzle Picture (One Student). 

Material. Two puzzle pictures; watch or clock. 

Procedure. S notes the time and begins to study the puzzle 
picture, which he should not have seen previously, until he has 
worked out the hidden form. He records the time, and then takes 


Fic. 19. Letters with incomplete 
contours 
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up the second picture and works out the hidden form. After at least 
ten minutes from the time he solved the first puzzle, if he has finished 
the second, he tries the first again and notes the time before the 
hidden objects come to view. The same is done with the second 
puzzle. This experiment might be repeated after twenty-four hours. 
Results. Subject’s report. Give time results for the two pictures. 
Discussion of results. How did definiteness and form of hidden 
objects compare in the two trials? What set of sensations was 
aroused by the picture at the second exposure that was not present 
at the beginning? What is meant by ‘“‘perceptual fusion’”’? Give 
Titchener’s four points in the psychology of perception. Give ex- 
amples from everyday life of three perceptions and note both cen- 
tral and peripheral factors. What are the component factors of a 
perception ? 
Inferences...2 25 oe ee eet ele 


READINGS. 4: 238-244; 8: 312-817; 9: 279-282; 10: 1384-187; 18: 
170-1763 27: 871-872. 


EXPERIMENT 69. To study Perception as a Result of the Interpreta- 
tion of Present Sensations by Earlier Experience (Class Experiment) 


Material. Large tachistoscope; five lists of ten words, and each 
word printed on a card cut to fit the tachistoscope. 

The words of the first list are misspelled by substituting a wrong 
letter; in the second list a letter is omitted from each word; in the 
third list two letters exchange places; the words of the fourth list 
lack a letter and a wrong letter is substituted for another letter; and 
the fifth list is composed of psuedo words, formed by arranging letters 
so as to appear like words. Sample lists are here given. 


uozAoj} dAI}DOXO Ajolieos uviosnul surysid 
Aoxd4 dULOUBIE AZojooyAsd = 8s UOT}VAASQO MBT[EMS 
Ajdoq 2) ako) 0600) @) WSVIICIYS Aytiofua oyIpedde 
IAVUBUL aoUsINAIP suoljesnb UOTJIOINSOL UNJIPLIs 
ospo[y ayepnuep O[GIVIBA AVIOuUUL 04edI00}uUB 
IA3[O Arepoimnsa SsoeVloyM UOIIBATO snprxe 
soy 0},[dulapuos queultiedxe Jelpnod [e1sues 
Ival[p qyuulo,dur09 welsiep AqyIyNeu . 9ynorljour 
Jopques ado[ojues ejdeod sno[noJ1u qoeyiun 
SIN[OM IB[DOAIG uoreyJonpe [njseoons Asuese 
xAJjo uBleqieq ayn[soqe [eoleyoowl sonsy4sqe 
uinibs as}oupe Atj.104s0d euuloueyd SeVusLIYyO 


A isl} AI Isl HI 1stqT HAs I sry 


PERCEPTION 165 


opeynyiq usedueya A]Ipoe4s yuaoyep AjoABidep 
SaSOAXO WY}.1030| queluizues sniosuoa sulpuny 
UIMSBA pye2utr uol}iIepdxe 9WIOSE[PoUl [eloayo 
dnuiva oyeIpsnt sdUle1ed xo 018[8401 AJoueu 
{UOSB.IUL qeqisey [reoeds So[Soul Jaubte10} 
yAn] qalovjop UOIyeIED01 uoIsuedns [veurpeo 
Adx04 IDDACUY a doIsip Aqyiqdeo Ie[auwis 
o[}A0ur 043d1n}xo 98891A0q qyuepudepul XBUIe[9 
A uLslT AJ AsI'T III LST TI LSlT I LIT 


Procedure. S must not know the nature of the words or their 
error. The instructor tells S that a series of words is to be ex- 
posed and that they must be written as soon as perceived. He 
gives the signal ‘“‘Ready”’ at each exposure just before dropping 
the screen of the tachistoscope. Ample time to perceive the word 
is allowed S after the exposure. He should tell or write how he 
makes the word. 

Results. The results may be arranged in the following form: 


TABLE XXVIII. EFFECT OF CENTRAL SENSATIONS ON PERCEPTION 
(MISSPELLED WORDS) 


NATURE OF MISSPELLING 


NATURE OF 
RESPONSE Wrong Letter} One Letter 
Substituted Omitted 


Two Letters | One Letter Pao 
Inter- Omitted, re Pe 
changed One Wrong ore’ 


Words perceived 
as exposed 


Words perceived 
as correct... 


S now compares his results with the words in the original lists and 
makes the computations necessary to construct the table. ‘‘Words 
perceived as exposed’? means that the error was detected and so 
recorded. ‘‘Words perceived as correct’’ means that the error was 
not detected and that the word was written in its correct form. 

Discussion of results. In which list was the smallest number of 
errors detected? Account for the failure to detect errors. How does 
your explanation account for the proofreader’s illusion? Which type 
of error in the first three lists is most likely to be overlooked? Account 
for the relatively small number of words perceived in the fifth list. 
What distinction may be made between seeing a word and percewing 
a word? Indicate some of the relations that exist between outside 


\ 
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and inside sensations as they are involved in perception of misspelled 
words. Which list shows the highest number of detected errors, and 
why? 
Inference. 22 2 2220S 5 ee eee a 
READINGS. 2:127; 4: 238-244; 8: 326-829; 18: 170-176; 27: 364-367. 


EXPERIMENT 70. To study the Effect of Preperception on the Thresh- 
old of Perception (Coédperative Experiment) ! 


Material. Measuring tape; two sets of five cards each 7 in. by 3 in., 
on which are drawn familiar symbols, one on each card, in various 
positions (for example, one card may have a symbol near the upper 
edge, another card may have one near the lower edge, another card 
one in the center, etc.) so that the location of one will not lead to the 
location of another. The symbols should be drawn distinctly in 
india ink, but with a fine pen, and should not measure more than ? in. 

Procedure. 1. Without preperception. The instructor appoints from 
the class (1) subjects; (2) an experimenter, whose duty it is to 
measure distances from S’s instep to a point directly under the sus- 
pended paper; (3) a recorder, who records the result on the board, 
and (4) a monitor, who keeps the slips in order and watches to see 
when S correctly perceives a symbol. The remainder of the class 
copy the table as it is filled in, the process being repeated with four 
subjects. The slip is fastened at some convenient point where the 
light will be on it and at such an elevation that it can easily be seen. 
S is to observe the symbol from various distances. Starting at a 
point at which nothing is visible on the card, he approaches it slowly, 
watching attentively for the symbol. As soon as S senses something 
he stops, and E measures the distance from his instep to the point. 
directly under the suspended card. This first distance is recorded as 
the partial perception distance. S then slowly advances until he 
thinks he knows what the symbol is, and whispers his perception to 
the monitor. If this is correct, the distance is measured and re- 
corded ; if not, he goes closer until he correctly perceives the symbol. 
The second distance is noted as perception distance and gives the 
threshold for that symbol. The same procedure is carried out with 
the four remaining cards in the first set. 

2. With preperception. The procedure is as nboee except that S 
is each time shown the symbol before starting toward it. Use the 
cards of the second set. 

Results. The results may be arranged in the following form: 


1 Modified from Witmer’s Analytical Psychology. 


PERCEPTION 167 


TABLE X XIX. EFFECTS OF PREPERCEPTION ON PERCEPTION 


I. WITHOUT PREPERCEPTION 


First DISTANCE — PARTIAL SECOND DISTANCE — COMPLETE 
PERCEPTION PERCEPTION 
SUBJECT 
Symbol Average Symbol Average 
1 D 3 4 5 Threshold 1 2 3 A ae Threshold 
Anan se Pe eh o>), 
1B ie ob 
Cee a 4 
LD) he, 
Average 
Il. WITH PREPERCEPTION 
Oe oS 
he 
ch 
LS Ua aoe 
Average 


Discussion of results. What has caused the lowering of the thresh- 
old in procedure 2? Explain why. Discuss individual differences 
and correspondence of results. Give three practical applications of 
this principle to daily life. Discuss the application in education. 

Inference. State the principle as inference. ; 


READINGS. 29: 25-27. 


EXPERIMENT 71. To observe Changes in Perception shown by 
Reversible Figures (Two Students) 


A. With Ambiguous Object. 

Material. The duck-rabbit head. This well-known figure may be 
enlarged and used for a class exercise, but the experiment below is 
given for two students, using the figure on page 168. 

Procedure. S glances at the figure and calls out at once what he 
perceives. Now he fixates the figure and tries to keep his gaze 
steadily on it for one minute, while E keeps time and notes the 
number of reversals as S calls them. S repeats the procedure while 
E notes any eye movements. S fixates for the same time first the 
right and then the left of the figure, calling out his perceptions and 
any changes. E watches for eye movements, using a mirror if 
necessary. 
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Results. Subject’s report. Give an account of the perceptual pat- 
tern as you fixate different parts; also of control of eye movement. 


Experimenter’s report. Make a record of S’s report with times and 


changes and eye movements. 

Discussion of results. Which is perceived at a glance, duck or 
rabbit? What reaction pattern responds to the impressions on the 
right? on the left? Why is this? If there are changes in perception 


© H.B. Settle 


Fic. 20. Ambiguous object 


when S looks at the middle point, which perception remains the 
longer? Why are there changes? Are any changes of eye movement 
observed? How does this experiment illustrate the laws derived 
from Experiments 69 and 70? 

B. With Geometric Figures. 

Material. Simpler reversible figures, the stairway and pile of 
blocks. 

Procedure. 1. Study of Fig. 21A. Pile of blocks. S examines the 
pile of blocks, fixating some particular point (say, the middle of the 
figure) for one minute, and then tells E the number of blocks he 
sees. As the number changes he calls the number of blocks then 


PERCEPTION 169 


visible, continuing for two minutes. He may fixate also the lower 
corner of the uppermost square. After E has made a record of the 
time and the number of blocks, the procedure is repeated for about 
the same time while E watches for eye movements. 

2. Study of Fig. 21B. Ambiguous figure. S examines the figure as in 
the study of Fig. 21A, E making similar records and observations. 


Fic. 21 A. Pile of blocks 


Results. Fig. 21A. How many blocks were visible at first? How 
many after the change? What special fixated point gave six blocks? 
What one gave seven? Which perception lasted longer? Why? 

Fig. 21B. Which of the two perceptions is seen first, and which is 
more permanent? Why? | 

Discussion of Fig. 21A. What facts tend to indicate the cause of 
the change? Does E’s record of eye movements check with the 
reported changes? 

Discussion of Fig. 21B. Were you able to hold this figure as an 
overhanging wall by trying to do so? At what points do you have 
to fixate it to produce this result? 
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on 
47 


Fic. 21B. Ambiguous figure 


What part is played in these changes (in the case of both figures 
and of duck-rabbit) by attention (see eye movements, point of fixa- 
tion) to peripheral sensations? by the perceptual pattern due to 
experience? What do these experiments show as to the stability of 
our perceptions? as to unity? Give an example from your own 
experience of an unstable perception. 


READINGS. 9: 282-295; 18: 174-176; 25: 1538-157; 30: 423-424, 
431-433. 


PERCEPTION OF SPACE 


EXPERIMENT 72. To study Tactual Space. Localization of Touch 
(Two Students) 


Material. Drawing paper; pen; india ink; compasses; milli- 
meter scale; two pins. | 

Procedure. S, with eyes closed, seats himself comfortably at the 
table and places his left forearm, volar side up, on the table. E marks 
off on the forearm with ink a rectangle 50 mm. by 75 mm. and a 
similar one on drawing paper. E touches S with the pinhead some- 
where within the rectangle, pressing gently but firmly enough to in- 
dent the surface. S tries immediately to touch the same point with 
another pin, making a deliberate and direct movement and not feeling 
about for the point. This point is noted by E, who places both points 
on the drawing-paper rectangle, getting by means of compasses the 
exact positions and connecting the two points by a light line. The 


v 
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distance is measured in millimeters, the direction of the error being 
noted, whether proximal or distal. Similar trials-are made, using the 
volar surface of the wrist and the palmar surface of the hand. Ten 
trials or more are made in each of the three cases. 

Results. Subject’s report. Give an introspective account of what 
apparently constitutes the “‘local sign.”’ 

Experimenter’s report. This consists of drawings as described 
above (see Fig. 22). 

Fig. 22 shows a convenient form of record. In the center of the 
dotted line is recorded its length in millimeters; the dot at one end, 
representing E’s touch, is labeled # with a numeral before it indi- 
cating the number of the trial. The dot at the other end, representing 
S’s touch, is labeled S, and is prefixed by the same numeral. In this 
way the record can be made from the diagram, and tables may be 
constructed. In these tables (one for each of the three cases) the 
first column should contain the figure indicating the number of the 
trial, the second column should contain the error in millimeters, and 
the third column the direction of the error. The averages of the 
error columns give a relative estimate of the accuracy of localization 
for the three surfaces tested. 

Discussion of results. How do you know that you have touched 
the right spot? What kind of imagery did you use in locating the 
point? What was the effect of practice? of fatigue? Can you ex- 
plain your results as to relative accuracy of surfaces touched? Is any 
law evident in the direction of your error? Discuss this point. What 
have you observed as to the accuracy of touch localization in young 
children? How do you know your right hand? Give two “‘local- 
sign’’ theories. Give a historical account of the “‘local-sign’”’ con- 
cept. How can the tactual percepts of the blind be explained ? 

Inference. State the laws of touch localization. 


READINGS. 1: 171-174; 20: 938-940; 21: 74-81; 25: 184-186; 29: 
110-1138. 


EXPERIMENT 73. To study Localization of Sound 
(Group Experiment) 


A. Laboratory Exercise. 

Material. Yardstick or meter stick; five berry-cappers; bandage 
for blindfolding; watch; table form. 

Procedure. 1. Preliminary test. It is necessary first to find if the 
sensitiveness of both, ears is practically the same. Bring a rather 
loud-ticking watch from a distance so great that it cannot be heard 
slowly up to each ear, holding it on a level with the ear and directly 
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Fic. 22. Localization of touches 


A, volar surface of forearm; average error, 20 mm. B, palmar surface of hand; 
average error, 8.9 mm. C, volar surface of wrist; average error, 14.3 mm. 
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left or right as the case may be. When S hears it he calls ‘‘Stop,”’ 
and the distance from the ear is measured: Then with the watch a 
few inches from the ear, it is moved away until the sound is just 
inaudible to S. The average of the just noticeable distance and the 
just unnoticeable distance is found for each ear. If the distances are 
about equal, S may qualify for the experiment; otherwise further 
search must be made until a subject whose ears are equally sensitive 
is found. 

Since it is very essential that this experiment be carried on in a 
quiet room with no distractions or sound interferences, if the class 
is large several groups may be formed to work in different rooms. 
Ten or twelve may work together. Besides S there are needed for 
the experiment five persons to give the stimulus, designated experi- 
menters; a person to give signals to these experimenters; and 
several to take records of S’s responses. All of these must be at 
attention, watching signals and noting S’s responses, while abso- 
lute quiet prevails. The signaler has a written plan for the fifty 
trials given him by the instructor. He checks each trial as it 
is made. 

2. Procedure proper. S should be seated as near the center of 
the room as possible and uniformly in the same position during the 
experiment. The five experimenters, each provided with a berry- 
capper, should be stationed so that they can give the stimulus at 
one meter (or yard) from the right and the left ear of S, and the 
same distance to the front, to the back, and above the center of the 
head. The experimenters also should be seated, and the hands hold- 
ing the berry-cappers should be kept in a uniform position when 
giving the stimulus. 

S, who is blindfolded, and the five experimenters take their re- 
spective positions. The signaler calls ‘‘Attention,” then signals to 
one of the experimenters, who clicks his berry-capper. S calls 
Front,” ‘Back,’ or whatever he judges the direction to be. The 
recorders enter ‘1’ in the proper column. The only words spoken 
should be ‘tAttention”? from the signaler and S’s responses as he 
gives them. This process is continued for the fifty trials, there being 
ten trials in each of the five directions. The results are recorded in a 
blank form. To find the percentage of correct judgments (which 
should be placed below the totals in each column), divide the number 
correct by 10. Since expectation is a disturbing factor of sound 
localization, it is well for the signaler, after S has designated the 
direction, to request S to state if the judgment given on the direc- 
tion coincided or not with his expectation. 
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Results. The results may be arranged in the following form: 


TABLE XXX. EFFECT OF DIRECTION IN LOCALIZATION OF SOUND 
(RESPONSES OF JUDGMENT) 


ABOVE FRONT BACK 
TRIAL 


RIGHT LEFT 


Correct} Wrong | Correct} Wrong |Correct| Wrong |Correct | Wrong | Correct| Wrong 


Nore 


10. 


Total 
per cent 
correct 


© H. B. Settle 


Fic. 23. Sound cage 


Discussion of results. 
Which direction shows 
most errors in loca- 
tion? Which shows 
fewest errors? Explain 
this. What factors 
other than hearing en- 
ter into the localization 
of sound? In this ex- 
periment we definitely 
make use only of the 
sound-localizing reflex. 
Ordinarily we use other 
reflexes; that. is, we 
turn the head or the 
body or adjust our- 
selves to other posi- 
tions. When does one 
use only the sound- 
localizing reflex? Give 


examples of sound local- 


ization, showing diffi- 
culties in daily life, and 
suggest methods by 
which these difficulties 
may be overcome. 
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B. Classroom Exercise. 

The difficulty of securing proper conditions for experimenting on 
sound, particularly on its localization, in the usual laboratory with 
large classes may often make it desirable to give a rough demonstra- 
tion in a lecture room. For this purpose the sound cage is the most 
satisfactory instrument (an instrument of precision when used in 


a sound-proof room). ; : 
M. a 9 A Stimulus Points Total 
aterial. oun cage R RB RF BAbove F LF LB L Errors 


with telephone receiver ; 
_ two small batteries and 
key ; blank forms for re- 
cording S’s responses. 
The adjustable parts of 
the cage are mounted on 
a heavy tripod. The es- 
sential parts of the cage 
are (1) a heavy horizontal 
arm Ha that rotates on 
ball bearings about a ver- 
tical axis passing through 


the center of the seat, the Grand Total —— 
amount of rotation being Fic. 24. Form for recording judgment in 
measured by a protractor locating sounds 


Q; (2) two heavy stand- 

ards S! and S?; to S! is attached a back support and head grip H; 
on S?is mounted a steel tube or arm Va bent to a quadrant which 
carries a telephone receiver 7'r and wires. The tube rotates about a 
horizontal axis, passing through the upper end of S%. The protractor 
Pr shows the angle made by the arm with a horizontal plane passing 
through S’s ears. By means of the two arms Ha and Va the receiver 
can be placed at any point in a hemisphere whose radii center at the 
mid-point of the imaginary-line joining S’s ears. 

Blank forms for members of the class may be arranged according 
to the sample here given. 

Procedure. S is blindfolded and back and head are properly fitted 
to the supports of the cage. Explain to S that he will hear telephone 
clicks from nine and only nine different points: right, right back, 
right front, back, above, front, left front, left back, left. Familiarize 
S with the names of these points by a. short drill. E always gives 
signal ‘‘Ready’’ before pressing electric key, and S makes a verbal 
response by using one of the terms above. Make ten trials for each 
point but in irregular order. Each member of the class enters the 
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response by a check mark in the column corresponding to the re- 
sponse and in the row opposite the symbol of the point at which the 
stimulus was given. Because of the fact that fatigue is likely to 
occur before ninety judgments are made, it is best to change subjects 
at the forty-fifth trial and complete the second half for the first 
subject at a subsequent period. Separate records must be kept for 
each of the subjects. 

Results. Each member of the class summarizes the results from 
the blanks filled out during the experiment according to the follow- 
ing form: ! 


Rights (R, RB, RF) judged Lefts (L, LF, LB) . . yes PM paras 
Lefts (L, LF, LB) judged Rights (R, RB,RF) . . — times 
Fronts (F, RF, LF) judged Backs (B, RB, LB) or Aione mire ‘ay 
Backs (B, RB, LB) judged Fronts (F, RF, LF) or Above —— times 
Above judged Fronts (F, RF, LF) or Backs (B, RB, LB) —— ey Total 22 
Above judged Rights (R, RB, RF) or Lefts (L, LB, LF) ——times 
Above judeed correctly 2.2 20. 3/42) eee —— times 


Discussion of results. List the points in ascending order of accuracy 
of location, as indicated by the summarized results. Do the results 
show the relation between the difference in intensity of the sound 
stimulus for each ear and accuracy of localization? Have you 
observed inaccuracies in localizing sound in daily life? Do animals 
show confusion in localizing sounds? Devise an experiment to show 
the effect of practice on the accuracy of localization. 


READINGS. 1: 176-178; 4: 118-119; 18: 82-83; 15: 180-181. 


EXPERIMENT 74. To study Visual Perception of Three- 
Dimensional Space 


A. The Outward Projection of Visual Images. 

1. The Image formed by a Double Convex Lens (One Student). 

Material. Double convex lens; candle; screen. 

Procedure. S places on the table a lighted candle. He holds the 
lens near it in such a manner that a clear image of the candle is cast 
on the screen, which may be a sheet of cardboard or a wall or a 
blackboard. The image may be best observed, of course, in a dark- 
ened room. He varies the distance of the lens from the candle and 
notes the varying size of the resulting image. 


1 Modified from Max F. Meyer’s Manual of Psychology Demonstrations. By 
permission. 
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2. The Projection of a Retinal Shadow (One Student). 

Material. A black card about 7 em. square; a pin. 

Procedure. S holds a card, in the center of which he has pricked 
a pinhole, before the eye at a distance of about 6 or 8 em., and be- 
tween the eye and the card, almost touching the eye, he holds a 
pin, head up. He looks through the pinhole at the sky or a light 
and notes what he sees, observing any variation produced by movy- 
ing the card to and from the face. He then pricks several pinholes 
and notes results. 

Results. Subject’s 
report. Describe the 
visible results of parts 
1 and 2, and make 
drawings. 

Discussion of re- 
sults. Since the main 
refracting medium of 
the eye is the crystal- 
line lens, comparable 
to the lens used in 
part 1, would the ac- Fic. 25. The projection of the visual image of 


tual image produced a retinal shadow 

on the eye screen (the cd, card; ab, pin; a’b’, retinal shadow pin; a’’b’’ pro- 
retina) be erect or jected shadow 

inverted ? 


In the pin experiment, since the pin is too near the eye to form an 
image it simply cuts off the light from the pinhole and a shadow is 
cast on the eye screen (the retina). A shadow is always erect; why, 
then, do we see the pin shadow inverted through the pinhole? Is the 
inversion physical or psychological? Where does the shadow pin 
appear? What are some of the psychological factors which enter 
into our judgment of the size, position, and distance of objects? 
What physical property of the retinal image aids us in estimating 
distance of objects? 

Inference. What inference may we make from this experiment as 
to how retinal impressions are projected ? 

Draw a diagram similar to that in Fig. 25, and explain it. 

B. Binocular Vision. 

1. The Same Object has a Slightly Different Appearance to Each 
Eye, viewing it Separately (Two Students). 

Material. Heavy white paper; paste; compasses; scissors; pen 
and ink; wire about 6 in. long; support. 
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With a radius of 22 in. describe a semicircle on the heavy white 
paper. From the same center with a radius of about 1% in. describe 
another semicircle within the first. Cut out the inner semicircle. 
Paste the straight edges of this sector together, lapping about 
3 in., forming a truncated cone. 

Procedure. S holds up his forefinger 
in the median plane, on a level with the 
eyes and about 25 cm. to the front. He 
closes the right eye and with the left 
eye observes the apparent position of 
the finger with reference to some chosen 
point in the foreground. He repeats 
this procedure with the left eye closed. 

By means of a wire passed through 
the cone and fastened to a support as 
in Fig. 26, E adjusts the cone in front 
of S (who should be seated with his 
head in a headrest) on a level with the 
eyes, about 1 m. from the face and 2 m. 
or more from a blackboard or wall to 
the rear of the cone, the axis lying half- 
way between the lines of sight of the 
two eyes, and the smaller circle toward 
the eyes. S closes the right eye and 
looks at the cone with the left eye, 
using the screen or blackboard as a back- 
ground, and E assists in the location. 
S observes the cone in this way with 
great care, making a pencil sketch on 
paper in outline. In like manner he 
sketches the cone in outline as it ap- 

Fic. 26. Paper cone pears to the right eye. E measures on 
the screen the difference in position of 
the two images as seen by the right and the left eye. 

Results. Subject’s report. Describe objects seen in all cases as to 
position, appearance, etc. Make sketches. 

Discussion of results. What is the difference in position of the 
finger seen with each eye separately? How do the sketches of the 
cone differ from one another and from the cone as seen with both 
eyes as to suggestion of relief or flatness? Which end of the cone 
here requires greater convergence? Compare positions on the screen 
of the right and left eye images? 


© A. B. Settle 
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2. The Binocular Visual Field and Corresponding Retinal Points 
(Two Students). 

Material. Blackboard upon which is marked off a square meter 
divided into decimeter squares; crayon. 

Procedure. S sits with his head in a headrest, so that his eyes are 
on a level with the central point of the meter square and about 1 m. 
distant from it. He closes 


the left eye and fixates the o 
central point with the right pp ipy. 
eye. E explores with a ieee 


crayon and marks out, at 
S’s direction, an area of dis- 
tinct single vision for the 
right eye. S, holding the 
same position, now fixates 
the screen with the right 
eye closed, and E marks off 
in like manner an area of 
distinct vision for the left 
eye. 
Results. Subject’s report. 
S carefully copies this draw- 


1 Ns Ea! 


ing to scale on cross-section L.O.T. t& ~. 0. T. 

paper. Drawings should be 0.C. 

duly described. Fic. 27. Corresponding foveal areas, ho- 
It will be seen that there monomous halves of the two-retinas and 

is a portion of the two the binocular field of vision 


visual fields thus mapped R, right eye; L, left eye; R.O., right optic 
out that is common to the nerve; L.O., left optic nerve; R.O.T., right 
two eyes This is the bi- optic tract; L.O.T., left optic tract; B.F.V., 


5 binocular field of vision; R.F.M., right field 
nocular visual field, and the of monocular vision; L.F.M., left field of 


rays of light from all points monocular vision 
of this field fall upon corre- 
sponding points of the fovea and the surrounding region in each eye. 
In the accompanying diagram (Fig. 27) the two eyes are repre- 
sented as fixated on the point F. O is a point in the binocular visual 
field and P a point without. It will be seen that an image of the 
point F falls, of course, upon the fovea and an image of the point O 
falls a corresponding distance to the right of the fovea in each eye, 
as in points O’ and O”, but the images of the point P fall at P’ and 
P” at unequal distances from the foveas. These are called disparate 
points, and the projected images do not coincide, whereas images 
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from corresponding points within the binocular field are projected to 
the same point and a single perception results. 

3. Fixation of the Eyes upon a Point causes Double Images of 
Other Points (One Student). 

Material. Pen; pencil. 

Procedure. (1) When the fixation point is nearer than the object. 
S holds up before his eyes in the median plane the pen and pencil, 
the pen at a distance of about 12 cm. and the pencil at arm’s length. 
He fixates the pen and continues to gaze at it fixedly until he can see 
two pencils as well as the pen. By closing alternately the right and 
the left eye (always being careful to keep the fixation point) he dis- 
covers to which eye each of the two images of the distant pencil 
belongs. 

(2) When the fixation point is farther away than the object. S holds 
up the pen and pencil as before, but now fixates the distant pencil 
and gazes intently until he perceives in addition two images of the 
pen. By closing the eyes alternately he discovers to which eye each 
image belongs. 

Results. Subject’s report. Describe the two images in each case — 
position, general appearance, clearness — and state the position of 
the right and left images in each case with respect to the right and 
the left eye. 

In Fig. 28,a, F is the fixation point and O the object, while the 
points O, O’ and F, F’ represent the points of the retinas upon which 
the rays of light from O and F, respectively, fall. 

In Fig. 28, a, the eyes are fixated on the near point. The involun- 
tary muscles control the refracting media so that a distinct image of 
the point F is formed at the fovea of each eye, F and F’; according to 
habit it is projected to F and we see one distinct image of. the point 


coinciding with the point itself. This reaction of oneness arises from | 


the habitual use of these areas of the retina for the observation of 
one and the same point alone, as distinguished from all others in 
the visual field. The rays of light from O, represented by dotted 
lines, strike the two retinas, respectively, at O and O’. These points, 
being on opposite sides of the retina, are not corresponding points 
(see page 179), and hence the two images formed on the retinas and 
projected out along the ray lines do not coincide. Instead we have 
the two images in the region of F, and X and Y are uncrossed. 

In Fig. 28, b, in like manner, O and O’, being in the left halves of 
the retina respectively, are disparate points. In this case (the images 
being projected as usual along the ray lines until the region of the 
plane of the fixation point is reached) the rays cross before they are 
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located. Therefore we have the image formed by the right eye on the 
left and that formed by the left eye on the right. 

Discussion of results. Why are objects seen double? What points 
give double images? If double images are constantly formed, why 
do we neglect them? 

4. Fusion of Images (One Student). 


READINGS. 8: 33-37, 110-112; 18: 312; 29: 132-136. 


Material. Paper tube 25cm. long and 2 cm. in diameter; black 
card with two circular holes, 14 cm. in diameter, the interocular 


0 Fe Sar ang 


FO a or 
Fic. 28. The doubling of objects 


a, the homonomous doubling of objects farther than the point of fixation; b, the 
heteronomous doubling of objects nearer than the point of fixation 


distance apart; small mirror; meter stick; mounted diagrams of 
cone images placed the interocular distance apart (see Fig. 29 for 
interocular distance) ; stereoscope. 

a. Effect of greater intensity of one image. 

Procedure. S holds the paper tube in front of the left eye and 
looks through it toward some distant point. He holds the palm of 
the right hand facing the right eye and touching the tube midway of 
its length. The right eye looks at the hand while the left eye looks 
through the tube. S looks straight ahead with both eyes, then with 
the right eye alone, and then with the left eye alone. 

Results. Subject’s report. Record what is seen. 

Discussion of results. Which is the dominant image? Why? Why 
does the peculiar illusion occur ? 
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b. Approximate determination of interocular distance between lines 
of monocular sight. 

Procedure. S holds up his two forefingers, separated by a distance 
of about 12 em., directly in front of the eyes and about 25 cm. from 
them. He looks fixedly between the fingers at a distant point on the 
wall or sky until he can see two images of each finger, varying the 
distance if necessary. S now brings the fingers nearer together, still 
keeping the distant fixation point, until they seem to combine into one. 

Results. Subject’s report. Give observations and descriptions of 
the double images, with special note of what happens as the two 
fingers approach each other. Measure the distance at which images 
fuse. It is the interocular distance. 

Discussion of results. Why did the two images combine? Which 
two combined? What was the character of the resulting image with 
respect to clearness, relief, or flatness as compared with the two 
which combined to make it? 

c. Fusion of like wmages at interocular distance. 

Procedure. S holds the black card close in front of the face and 
looks through the holes at some distant object. He moves the card 
out a little and varies the distance until a distinct change is seen. 

Results. Subject’s report. State what is seen when the lines of 
monocular sight shift and combine. 

Discussion of results. Why did the two holes fuse? Compare this 
result with part a. 

d. Fusion of eyes into cyclopean eye. 

Procedure. S holds the hand mirror in front of the eyes, with each 
eye as in distant fixation, staring straight ahead. He brings the 
mirror up close until the image changes. 

Results. Subject’s report. Give a description of the fusion of the 
two images. 

Discussion of results. What causes the fusion? 

e. Binocular fusion of images slightly unlike. 

Procedure. S takes the card containing two diagrams (separated 
by the interocular distance) of the cone as seen with each eye sepa- 
rately, the right-eye image being drawn on the left and the left-eye 
image on the right, and ‘holds it at the usual reading distance. 
(1) He fixates a point between the two as if he were looking through 
the card at a distant object, moving card in and out if necessary, 
and notes what is seen. (2) He brings the card up close to the face, 
keeping the eyes still fixated for distance, and notes what happens. 

Results. Subject’s report. Give an account of the number of 
images in (1). | 
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Discussion of results. How many images were seen on the first 
distant fixation? After moving the card, how many were seen? Why 
did the two central images combine? How did the combination 
image appear as to relief and distinctness? (Note that the combina- 
tion image was made from both eyes.) How do you explain the relief 
shown? Did the combination image appear as if the smaller or the 
larger end of the cone were nearer the eye? Which is associated 
with much convergence, a near or a far object? 

Suppose that each drawing was located in proper position to 
represent the cone as it was seen by the right and the left eye (that 
is, the right-eye drawing on the left and the left-eye drawing on 
the right); when the B BA! A 
two drawings were " 
combined, as in the i 
middleimage (Fig.29), c—=== ——— = 
theoretically should : i 


you see that image 4 

as you saw the orig- 3 

inal cone — with the L sage R 
smaller end toward Int. E. 

you—or with the See 

larger end toward b a 

you? (Hint. Refer Fic. 29. The effect of binocular projection 
back to see if the of images 


right-eye image was_ S, screen; B and A, real objects; B’A’, combined 
on the right or on the and projected images of B and A; Int. E., assumed 
: position of interocular eye; L, left eye; R, right eye; 
left. Also note in the b and a, centers of left and right retinas respectively 
fixation of the distant 


object whether the images are crossed or uncrossed. It is necessary 
to have clearly in mind under what conditions the right-eye image 
is on the left (crossed) and vice versa.) 

Did your observation agree with those in (1) and (2) of B,3? Did 
the resulting fusion give you a perception of the cone with large or 
with small end toward you? Does this result agree with theory? 

In obtaining the original drawings from the cone with the small 
end toward you (thereby requiring more convergence) which was 
more displaced to the left in the right-eye image, the large or the 
small circle? which to the right in the left-eye image? If the large 
circle were nearer, how would the small circle appear displaced? 
What arrangement of the two image drawings gives (1) relief with 
small end of cone near, (2) with small end more distant? Why? 

These theoretical variations should all be verified by observation. 
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5. The Stereoscope and the Perception of Depth. 

Material. Any available stereoscope; the sketches used in 4, e, 
copied in india ink and mounted side by side on a card that will 
fit the stereoscope; chart; other stereoscopic slides (a hand stereo- 
"_ seope with Titchener’s 
Series of slides amply 
illustrates the principle 
shown). 

Procedure. S exam- 
ines the sketches in the 
stereoscope and also a 
number of the stereo- 
scopic slides. 

Results. Subject’s re- 
port. Describe the ef- 
fect of the stereoscope. 

Discussion of results. 
Do you get a clear 
sense of perspective? 
How does the image 
appear in size as com- 
pared with the object? 
In the light of what 
has been worked out in 
previous experiments, 
explain the principle of 
the stereoscope. In 
what school subjects 
would the stereoscope 
be of value? 


Fic. 80. Images of cone as seen with each eye Fig. 29 a be used 
separately to explain fusion as ob- 


a andb, after fusion, smallend near observer; c, after Served in the experi- 
fusion, large end near observer ments above. 

The two eyes are in 
parallel position for fixation of a distant object. A and B represent 
two similar objects. Rays of light from these points fall on corre- 
sponding points of the retina; a single binocular perception results 
and the combined image of the two points is located in the visual field 
in a line straight out from the nose halfway between the eyes. If the 
objects are alike or nearly alike, there is fusion. If they are differ- 
ent, the stronger prevails and is superimposed on the weaker field 


GOCE 
BOC 
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(see the hole through the hand). It is as if there were a cyclopean 
eye in the middle of the forehead. 

C. Muscular Activity of the Eye in Perception of Three-Dimensional 
Space (One Student). 

1. Accommodation. 

Material. Pins; black card 12cm. by 5cm.; meter stick; 
supports; corks. 

Procedure. (1) Hyestrain in changing from far to near accommoda- 
tion. S holds a forefinger before one eye, the other being closed, and 
looks past the window at a distant object, noting the clearness or 
diffuseness of the two images, finger and object. Now he looks at 
the finger with the distant object in the background. As he fixates 
the finger, he notes especially any sensation of strain around the 
eye as compared with sensations when the distant object was fixated. 

(2) Effect of too near accommodation on clearness of object. S closes 
one eye and looks at a pin, which he holds 35 em. from the other 
eye. He moves the pin slowly toward the eye, noting clearness of 
image. When it comes within about 15 cm., what is the appearance? 
Is there a feeling of eyestrain? He pricks a hole in a black card, 
holds the card close to the eye, and looks through it at the pin 15 ecm. 
away, noting the clearer appearance and change in size. 

(3) Accommodation for near points. S pricks in the black card two 
holes about 2 mm. apart, and, holding the card close in front of the 
eye with the two holes horizontal, looks through the holes along the 
meter stick (supported at a convenient height) at a pin stuck in a 
cork about 40 cm. from the eye. Fixating the pin, S moves it along 
the stick toward the eye until he sees two images. He notes the 
distance from the eye as the near limit of accommodation. 

2. Convergence and Accommodation. 

Material. Meter stick; supports; printed page; wire gauze 
15 em. square. 

Procedure. S supports the wire gauze about 45 cm. from the eye 
and the printed page about 25 cm. beyond on the meter stick. He 
' focuses (converges) the eyes first upon the printed page so that he 
can read the print, and then upon the wire gauze, and notes any 
sensation of strain, trying to determine whether near or far focus is 
more difficult and locating as well as possible the strain. 

Results. Subject’s report. Where is eyestrain situated? Does more 
strain result from accommodation to near or to far objects? Re- 
membering that the more convex a lens, the shorter its focus, explain 
the mechanism of accommodation and diffusion circles, using dia- 
grams. Why did the pinhole cause a clear image? Considering that 
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contraction of the ciliary muscle causes convexity and relaxation 
decreases convexity, would more eyestrain be experienced in near or 
in far accommodation? How does eyestrain contribute to space 
perception? Is much convergence an accompaniment of near or of 
far accommodation? What effect, then, does convergence or non- 
convergence have upon perception of space? 

General discussion. After consulting the references below and the 
foregoing experiments, do you think that far or near objects present 
greater differences in appearance when viewed with the two eyes 
alternately? What suggestion as to its distance would you receive 
from an object whose relief was very apparent? from one whose 
relief was little noticeable? What is the effect of double images on 
distance? Do distances appear greater on clear days or on days 
when the atmosphere is hazy? Why? How does the rate of motion 
of a railway train sometimes suggest its distance? Does it cause 
greater eyestrain to view a near or a distant object? How, then, can 
eyestrain serve as a measure of distance? Why are size, color, light, 
and shade more effective in suggesting relief in painting when viewed 
with one eye? Mention as many secondary aids to the perception 
of distance as you can. What are some psychological factors in 
visual perception of space? Give three practical applications of 
principles involved in perception of visual space. 

Inferences. a. Give a clear statement of the part played by the 
muscular activity of the eyes in the perception of three-dimensional 
space. 

b. Give a clear statement of the factors involved in visual percep- 
tion of three-dimensional space. 


READINGS. 2: 141-152; 6: 311-312, 315-317; 8: 28-40; 10: 178-188; 
12: 323-339, 343-344; 14: 175-197; 15: 178-180; 17: 262-267; 18: 303- 
322; 20: 1124-1127, 1182, 1135-1136; 24: 137-144; 25: 252-257; 27:308- 
320; 29: 109-153; 31: 173-194. ; 


EXPERIMENT 75. To study Kinesthetic Perceptions of Space 


A. Perception of Horizontal Linear Space (Two Students). 

Material. Meter stick. 

Procedure. E places the meter stick on a table in front of S (who 
is seated) so that its center is in S’s median plane. S places the fore- 
finger of his right hand on the center point and closes his eyes. E 
lifts the finger vertically 2 or 8 cm. and moves it to the right, placing 
it on the stick at a distance of 20 cm. from the first position. He then 
lifts it again, S carefully noting in both cases kineesthetic sensations 
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all the while, and moves it back to the starting-point. S now tries 
to repeat the out-and-in movement with eyes closed. This is re- 
peated ten times, E always placing S’s finger at the proper position 
on starting the movement out. The same experiment is tried with 
a distance of 35cm. S must maintain a constant speed and make 
no corrections. He must not be aware of his results, as his eyes are 
to be kept closed. 
Results. The results may be tabulated in the following form: 


TABLE XXXII. TWENTY-CENTIMETER MOVEMENTS 


ERROR OUT ERROR IN 


TRIAL MOVEMENT OUT | MOVEMENT IN 
; Per Per 


a Cent 1 Cent 


A similar table should be made for the other distance tried. 

Was there any tendency to turn the head or the eyes? Did you 
feel sure of the distance? How accurate does kinesthetic perception 
appear to be from this experiment? Does the movement in as a rule 
agree more nearly with the movement out or with the distance 
attempted? Give in figures the accuracy of the kinesthetic percep- 
tion in this experiment, using the averages of the two tables for a 
final average. Quote results published. Can you devise a similar 
experiment for movement of the whole body through a large dis- 
tance? Discuss your results as to the relative accuracy of the out 
and the in movements. 

B. Perception of Vertical Linear Space (Two Students). 

Material. Meter stick. 

Procedure. The procedure in this case is similar to that in part A, 
except that the meter stick is clamped in a vertical position before 
S with the zero point on the table and the movements are vertical. 

Results. Tabulate results as in part A. 

Discussion of Results. Which perceptions were more accurate, 
horizontal or vertical? How much more? Compare the two as to 
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tendencies for overestimating or underestimating the distance. Take 
as an illustration the operation of turning on an electric light in a 
familiar dark room; how would the accuracy of your movements 
compare with the accuracy of movements from the same point when 
the room was lighted? Can you give an example from your common 
experience of the role played by kinesthetic perception in repro- 
duction? Why is the actual performance of a movement the best 
way to learn to reproduce it in memory? 

Inference. The inference should be a summary of what has been 
learned from the experiments above. 


READINGS. 2: 146-152; 4: 260-269. 


EXPERIMENT 76. To study Perception of Filled and Unfilled Space 


A. Tactual Perception (Two Students). 

Material. Eleven pins; a strip of soft wood about 10 cm. long, 
5mm. to 7mm. wide, and 5mm. thick; another small piece of 
wood; compasses. 

Stick nine pins 1 cm. apart in the wood strip so that the heads are in 
an even line of 8cm.in length. By means of the soft wood fix the other 
two pins in the compass arms after removing the compass points. 

Procedure. S lays his forearm on the table, palm up, and closes 
his eyes. E presses the row of pins in a lengthwise direction against 
the forearm just above the wrist, being careful to place it so that 
all pinheads touch the skin at the same time with equal pressure, 
and holding it long enough to give a contact sensation. E next 
applies the compass pins in the same manner a little to one side of 
the place before touched, taking care that the heads come down upon 
the skin in the same direction and at the same time, having previously 
set them the required distance apart. E may first separate the 
compass pins several centimeters more or less than the standard 
distance for filled space (8 cm.). S is asked to judge whether the 
second distance is equal to, greater than, or less than the filled 
distance. If the distances do not seem equal, the distance of the 
compass arms is altered and the procedure repeated until S finally 
reports an equality. The error, which is the difference between the 
filled and unfilled distances, is recorded by EF in the ‘‘+”’ orthe ‘“*—”’ 
column, according to whether the unfilled space is overestimated or 
underestimated. E should have an equal number of ‘*+” and of 
*““—’’? measurements. Ten records are made. 

This experiment should be very carefully tried, as it is difficult for 
some subjects, although clear for others. 
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Results. Construct a table, giving plus and minus errors, average, 
. and percentage of illusion, using the millimeter as the unit. 

B. Visual Perception (One Student). 

Material. See Fig. 31. 

Procedure. Taking the space b as standard, S compares it. with 
aandc. With f as standard, he compares the sides of d and e with 
it, and also the whole spaces inclosed. 

Results. Subject’s report. Give your judgments and comparisons 
with actual lengths. 

Discussion of results. How may the effect be explained here? 
Reconcile the results in parts A and B. Devise an experiment for 


2 ied oa el a Ld 
@ ® 
a b Cc 
e f 


Fic. 31. Lines and squares for comparing filled and unfilled visual space 


filled and unfilled time. How does time appear in retrospection? 
Give an everyday example of these illusions. 
Inference. State the law of filled and unfilled space. 


READINGS. 2: 153; 17: 283-284; 18: 329-331. 


EXPERIMENT 77. To study Accuracy of Motor Expression of Visual 
Perception (to draw a Line Equal to a Given Line) (One Student) 


Material. Card with a line 100 mm. in length; sheet of paper; 
millimeter ruler; pen full of ink; thumb tacks; drawing-desk or 
drawing-board. 

Procedure. S places the card with the standard line on the upper 
end of the drawing-desk and a sheet of paper on which equal lines 
are to be drawn just below the card. S judges carefully the length of 
the standard line and reproduces it at the top of the paper, moving 
his pen at a uniform rate and with a continuous motion. He folds 
under that part of the paper containing the line just drawn and draws 
a second line in exactly the same manner, proceeding thus until ten 
trials have been made. 
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Results. Measure each line very carefully with the millimeter 
scale and record on it its length in millimeters. 

In the table below, the deviation is the difference between each 
measure and the average, the error the difference between the meas- 
ure and the standard. Find the average of the deviations (A. D.), the 
average error, and the constant error, the latter being the algebraic 
sum of plus and minus errors divided by the number of errors. 


TABLE XXXII. JUDGMENTS OF LENGTH AND ERRORS 


TRIAL MEASURE DEVIATION ACTUAL ERROR 


Average error = 
Constant error = 


Also construct a frequency table showing distribution of errors 
for the class. From this table construct a graph showing the fre- 
quency distribution of the errors. 

Did accuracy increase? To what causes do you ascribe your 
errors? What effect might have been found in your results if you 
had seen each line you had drawn all the time? Was the tendency 
of your error plus or minus? What was the tendency of the class 
error? What errors were more frequent? 


READINGS. 5: 179-182. 


EXPERIMENT 78. To demonstrate the Existence of the Blind Spot 
and to show how Each Eye supplies the Deficiency of the Other 
(One Student) 


A. To demonstrate the Existence of the Blind Spot. 

Material. Meter stick or yardstick; card, 4 in. by 10 in., bearing 
a black disk # in. in diameter at a distance of 4 in. from the center 
on the right and an oblique cross 3 in. to the left of the center; 
screen-holder; support stand. 
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Procedure. S holds the yardstick horizontal, one end resting just 
beneath the nose against the upper lip and the other on a support. 
The card is placed in the screen-holder about 8 in. from the face, 
having the black disk on the right. S closes the left eye and moves 
the screen-holder slowly away from the face, keeping the cross 
fixated until the black disk just disappears. He then records this 
distance, after which he moves the screen-holder until the disk just 
comes into view. The second distance is recorded. The difference 
between the two measurements is recorded as the depth of the blind 
spot. Five records are taken and the average recorded as the depth 
of the blind-spot area. 

Results. Subject’s report. Record the five sets of measurements in 
- tabular form with final average. 

Discussion of results. What is the area and shape of the blind- 
spot projection as given by standard authors? Why is it so large 
when the spot in the retina is only a point (1.5 mm.)? Since the 
cross is fixated, light from it will fall upon what part of the retinal 
area? What is the cause of the blind spot? Devise a method for 
mapping the shape and size of the blind-spot projection area. 

B. To show how One Eye supplies the Deficiency caused by the 
Blind Spot of the Other. 

Material. Card, 4in. by 12 in., having in the center a black 
fixation cross and at a distance of 4 in. on the right and left, re- 
spectively, a red and a black disk;! a small black card 2 in. by 4 in. 

Procedure. S holds the card at arm’s length with cross straight out 
from root of nose. With the left eye closed, and fixating the cross in 
the center, S moves the card toward the face until there is a change 
in the field of vision. Then, keeping the card stationary, he closes 
the right eye and opens the left, and notes any change in the field. 
Still keeping the card stationary, he brings up the small black card 
and moves it, holding it edgewise against the nose (keeping both 
eyes open and hence seeing both disks), until there is a change in the 
field of vision. 

Results. Subject’s report. With the questions below as aids, and 
by the use of a diagram, write out a clear explanation of how one 
eye supplies the deficiency of the other. 

Discussion of results. Why do we not perceive the blind spot as a 
hindrance to vision? Would a person who had vision in only one eye 
be conscious of blind-spot effect? Who discovered the blind spot? 


1Jt has been found convenient to use cards containing black and red disks, as 
described here, since they can more readily be made in the laboratory for large 
classes than the house and tree cards. 
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Since both eyes are fixated on X, on what point in the retina of 
each eye will a line from X fall? (Fixation determines the position of 
the eye globe.) Since the blind spot is always nasal, note its different 
position with respect to this point in the right and the left eye. In 
the diagram, from which disk do the rays of light come that fall upon 
the point of clearest vision in the right eye? in the left eye? What is 

S.c. 


ay 


Fic. 32. Relation of each eye’s object and position of vertical card when 
each eye sees the object in the other eye’s blind spot 


Mn, screen card; B.s., blind spot; S.c., stimulus card; L.p., left eye’s picture; 
F, sensitive spot; R.p., right eye’s picture 


the effect of the small card upon these rays? From which disk do the 
rays come that fall upon the blind spot in theright eye? in the left eye? 
Inference. Give as inference the two facts found. 


READINGS. 27: 88, 328; 28: 62-63; 29: 48-50. 


EXPERIMENT 79. To study Illusions of Perception (One Student) 


A. Illusions due to Habit. 1. Aristotle’s experiment. 

Material. Small marble. 

Procedure. S takes the marble in the palm of his left hand. 
Crossing the index and second fingers of the right hand and closing 
his eyes, he touches the marble with the crossed fingers, moving 
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them so that the marble will touch at the same time the opposite 
surfaces of the two fingers. The position is varied until the one 
marble appears as two. Spread the arms of a pair of dividers and, 
holding the prongs so that they touch the index and second fingers 
of the right hand, note the sensation of oneness. 
Results. Subject’s report. Record observations in the two cases. 
Discussion of results. In the ordinary position of our fingers, how 
many marbles would be necessary to touch at the same time the 
outer surfaces of the two fingers? the inner surfaces of the two 
fingers? How do we explain the illusion? ‘Give as many examples as 
you can of illusions due to habit. How do you explain the transfer 
of motion from a moving railway i 
coach close by to the coach in which 
one is sitting? How do these illu- 
sions illustrate further the discussion 
of the component parts of a percep- 


Sig 


Fic. 33 A. Two forms of line illusions 


a, Poggendorf’s illusion; 6, Zollner’s illusion 


tion as given in Experiment 68 (p. 163) of this chapter? With which 
of the components of perception are these illusions concerned ? 

2. Habit: Judgment of Angles. 

Material. Two sets of parallel lines (a and b in Fig. 33 A). 

Procedure. Observe carefully with the eye the direction of the ob- 
lique line in a. Make a dot on the left of the two parallel lines where 
you think the oblique line should cross. Measure your error. The 
apparent oblique lines in b are parallel. Place your pencil at the end 
of the middle apparently converging line and draw a line parallel to the 
adjacent line on the right. Measure in millimeters the error your line 
makes with the adjacent line. What line shows the extent of error? 

Results. The results consist of the errors in millimeters. 

Discussion of results. How are these figures illustrations of habit ? 
We naturally tend to overestimate acute angles and underestimate 
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obtuse angles to make 
each nearer to the right 
angle. On this assump- 


<> 
b tion explain the two 
figures. 
B. Illusions due to Sur- 


Fig. 33 B. Several forms of 
Miiller-Lyer illusion 


roundings: Contrast and Confluxion. 
Material. Equal lines (a, 0, c, d, e 
in Fig. 33 B) and two equal segments 
(a and b in Fig. 33 C). 
Procedure. If the horizontal lines 
a and 0 of Fig. 38B do not appear 


_ to be of equal length, lay off on the 


longer a length which, according to 
your eye, seems equal to the shorter. 
Now measure the two lines and your 
estimate, and record the error. Also 
compare c with a and with b. In like 
manner compare d and e in Fig. 33 B. 

Procedure. Make an estimate with 
the eye and with compasses to de- 
termine the apparent and the real 


relative size of the two segments a and 0b in Fig. 83C. 

Results. Make a record of measurements. 

Discussion of resulis. Can you explain from the literature on the 
subject what causes the apparent difference in length between a and 


bin Fig. 38 B? Give a general ex- 
planation which will cover a, )b, ¢, 
d, and ein the same set. Are these 
illusions common to all normal 
persons? 

General discussion of illusions. 
Why may perceptions of an object 


be unlike the sensations which that — 


object excites through the sense 
organ? What kind of sensations 
- are ignored or neglected? Illustrate 
your answer. What are the two 
factors which unite to form the 


Fic. 33 C. Illusion of equal areas 


perceptual basis of experience? To which of these factors is illusion 
due? When does an illusion arise? Give example. What are illu- 
sions? According to the view of perception taken in the preceding 


J 
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pages, would the hallucinations of delirium tremens be considered as 
perceptions? To what class of mental phenomena do hallucinations 
belong? Why are they so objective and so vivid? To what class do 
dreams belong? How is the norm or standard size of an object formed 
in experience? Distinguish between an illusion, a hallucination, and 


. a perception. How do hallucinations resemble perception? How do 


they differ? 

If possible, give an account and explanation of an illusion or a 
hallucination that has come within your knowledge. What other 
senses besides vision give hallucinations and illusions? Give ex- 


amples. Of what value are illusions in the interpretation of mental 
life? 


READINGS. $3: 46-72; 4: 291-297; 21: chap. vi; 23: 115-121; 28: 
167-178. 
EXPERIMENT 80. To study Size-Weight Illusion. De Moor’s 
Illusion (Two Students) 


Material. Pair of scales; dish of shot; three canisters of same 
shape and weight but of unequal size, weighted with shot, with 


Fic. 34. Size-weight illusion 


cotton batting to prevent rattling. Each canister is provided with a 
handle made from the same wire; the wire is shaped so as to present 
a horizontal form at the point of lifting (see Fig. 34). - 
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Procedure. 1. S is blindfolded. The boxes, beginning with the 
largest, are presented in turn to S, who lifts them by the index finger 
from the same spot at the same rate and to the same height. There 
should be three-second intervals between liftings. The second weight 
lifted is regarded as the compared weight, and the judgment is 
‘tequal,” “lighter,” or ‘‘heavier.’’ The three are again compared by 
presenting them in the opposite direction, beginning,with the smallest. — 
It may be necessary to repeat the liftings in both directions two or 
three times. S now opens his eyes and is requested to arrange the 
three canisters according to their apparent weight. The order of 
lifting must be the same as that when blindfolded. 

2. Each canister weighs 300 g. E now requires S, with eyes open, 
to again compare the canister judged to be the heaviest with that 
judged the lightest and then to fill the heavier of the two until they 
are judged equal. E now weighs the larger one and records the 
amount in grams by which it exceeds the smaller in actual weight. 
Repeat this procedure four times so that five records are available. 

Results. Experimenter’s report. The results may be reported in 
the form of the table below. 


TABLE XXXIII. ExckEss oF ESTIMATED WEIGHT IN SIZE-WEIGHT ILLUSION 


TRIAL OVERESTIMATE - VARIATION 
1th Diletny OG An eS LS SS ih a een ROTM ME? a TENG 8: 20.5 Leo 
A DNS Eat sa eRe MP gs CRG ERE AE FLT, 19.5 9 
ATT Ia ai 5 2 Sh, Ca ae ES Re a RE Be 16.0 2.6 
Oia At WRG Essel weer ik See £4 8 Me ale the Se aN ge og CI 10.6 8.0 
IRAE GAY my ur ee etc ee SS aie ae ic SN See MeN IP, Ae 16.6 2.0 
Total = 5.02 ee ere ut coe, ic Veterans So.2 15.4 
Average.” (2 ORG e ead apni aS n°": 16.6 3.08 


Discussion of results. Does your table show a gradual decrease in 
the amount of the illusion? What number in your table indicates 
your average error in estimation? How does the size of an object 
affect the amount of muscular energy necessary to lift it? How does 
this experiment show that the output of muscular energy depends 
upon vision? How does expectancy of apparent difference in the 
weight of the two canisters tend to produce an illusion? Why was 
S blindfolded in procedure 1? 


READINGS. 17: 206-209; 23:98; 29: 20-21. 
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EXERCISES 


1. A democrat and a republican went to get the election returns. 
They saw the same numerals flashed on the screen, but each went 
home maintaining that his own party had won. Explain. 


2. When asked by his mother what time he came in the night 
before, a young man replied: ‘‘Plenty ininutes past ten.’ The 
mother appeared satisfied. What were the probable attitudes of 
both mother and son? How. were they aroused? What is the 
relation of perception to attitude here? 


3. Perception may be conceived as an integration (see 4: 250). 
According to this principle explain the following: on entering a very 
dimly lighted room you perceive a person sitting by the fire, though 
you get only enough details to see a head over the back of an arm- 
chair and a flickering light. Give other examples of reaction to a 
large stimulus pattern brought out by stimulus from a part of the 
pattern. Show how this‘principle may be applied in Experiments 
WVAand: 71:8: 


4. In a camp the constant sound of a cowbell was heard early one 
morning. When the campers arose, thé sound seemed to be nearer 
and was finally located as the slow, steady drip of water on the tin 
cover of a pail. What was in the stimulus pattern of the dropping 
water to bring out the reaction pattern of the cowbell? Why would 
that particular sound be more likely to appear in a camp on a farm 
than at home in town? 


5. A child dreamed that she was sinking down into the bottomless 
pit of Hell; it seemed ages that she was going down, down. Suddenly 
she hit the floor, and on waking found that she had been sliding out 
of bed, confined by the covers, so that her fall was gradual. Describe 
this as (1) a dream perception, followed by (2) a waking perception. 
What were the probable stimuli, both internal and external, for 
these perceptual reactions? 


6. Why may a painting (the ‘‘Mona Lisa,’ for instance) appear 
to the ignorant person, with no artistic training, no better — perhaps 
much less beautiful — than a colored chromo of no artistic merit, 
whereas the trained artist can study the painting for hours and find 
food for thought and inspiration? Apply the principles of perception 
in your answer. 


7. Which can better act as proofreader, the author of a manu- 
script or one unfamiliar with it? Justify your answer. 
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8. ‘It has been estimated that only two-thirds of the incidents 
in any event are reported, and of those that are given only 66 per 
cent of the details are accurate.”” Give some of the factors in per- 
ception which lead to such inaccuracy. 


9. Why can one better see color, as well as some other details, in 
a painting when it is looked at upside down? Show that this con- 
tributes to the theory of pattern reactions. 


10. A young girl who was in a somewhat nervous state one night 
heard a heavy step on the tin roof of the porch just outside her 
window. The step approached and her window was shaken; it re- 
ceded and the window of the adjoining room was shaken. This kept 
up distinctly until she was almost paralyzed with fear. At last she 
arose and by a great effort went to the window and opened the 
blinds. The wind was blowing heavily and she saw that the rattling © 
of loose tin had caused her perception. What form of perception is 
this? Give an example of a similar occurrence, mentioning the 
common element which caused one part of a stimulus pattern to 
arouse a different reaction response. 


11. A young woman, who was recovering from a severe illness, 
had just heard of the death of a dear friend. She suddenly awakened 
one night and in the moonlight distinctly saw her dead friend sitting 
quietly in a chair by her bedside. She saw details of her dress and 
of her expression, all of which were natural and as she remembered 
them in life. Nothing was indistinct. It was a vivid perception. 
But in a few moments, as she was trying to speak, the figure vanished 
and the chair wasempty. She felt absolutely certain that she had seen 
her friend, not in a dream, but in awaking moment. Note all condi- 
tions and explain the perception. What is such a perception called? 
How does it differ from the perception of the preceding exercise? 


12. Give examples of three occurrences like that described in Ex- 
ercise 11 which have come within your observation or experience. 
Give’ any occurrences recounted to you as supernatural which you 
can place in this class of phenomena. 


13. From your study of perception how should you explain the 
voices and visions of the Maid of Orleans? 


14. In copying long numbers from one sheet to another why can 
one make fewer errors if one calls the numbers aloud? 


15. Show how it was a statement entirely accurate from a scientific 
standpoint, according to the laws of temporal perception, even if 
somewhat embarrassing to the bride, when the groom remarked at 
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the end of the first week of their married life, on their return from a 
trip, ‘‘ This has been the longest week I ever spent.’’ 


16. A small child who was called “Sitter’’ (Sister) by her family 
was visiting in the country, and attended with her parents a revival 
meeting. The preacher made a dramatic appeal and, pausing at the 
end, said with great earnestness, “Sinner, when are you coming 
home?” The little girl thought he was calling her and, much im- 
pressed with the honor, piped up with great distinctness and a 
Southern accent, ‘“‘Sa-ad-day.”’ Account for this in terms of 
perception. 


17. ‘‘ With the dropping of a little word from another’s hand into 
mine, a slight flutter of the fingers, began the intelligence, the joy, 
the fullness of my life’? (Helen Keller, The World I Live In, p. 6). 
Explain this as symbolic perception. Does it differ from perception 
in hearing the spoken word or seeing the written word? Connect 
the above with a later statement in the same book (p. 159) that the 
author had no power of thought up to that time, and tell what seems 
to be the relation between thought and the perception of language. 
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CHAPTER VIII 


LEARNING 


1. It is assumed that the reactions of an organism, its modes of behavior, 
furnish not merely the criteria for our objective determination of the learning 
processes of the organism, but that these reactions constitute the means by 
which the learning takes place. — S. S. CoLVIN, The Learning Process, p. 1 


2. One must, however, differentiate two types of development: develop- 
ment as growth or maturation, and development as learning. — KURT 
KorrKa, The Growth of the Mind, p. 38 


3. Probably all forms of learning can be reduced to one relatively simple, 
schematic type: Reception of impressions through the senses; assimilation, 
analysis, and combination of processes in the mind; and redirection of 
impulses to produce a reaction. — DANIEL STARCH, Educational Psychology, 
p. 115 


TOPICAL OUTLINE 
Nature of Learning 
A. Function 
I. To acquire and organize experience 
II. To develop power for adjustment to a changing environment 
B. Content 
I. Objective: achievements of the race — scientific, political, 
artistic, moral, industrial, literary 
II. Subjective 
1. In mental terms: attitudes, purposes, ideals, knowledge, 
sentiments 
2. In neural terms: permanent modifications and the integration 
of neurones into reaction systems 
Analytic Aspects of Learning viewed Objectively 
A. Stimulus, situation, problem 
B. Learners 
I. Classes 
1. Lower forms of animal life 
2. Domestic and wild animals 
3. Human child 
4. Adult 
II. Mechanisms 
1. Receptors (sense organs) 
2. Conductors: receiving, codrdinating, controlling, and distrib- 
uting neural systems 
8. Effectors: muscles, glands, supplementary parts 
201 
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III. Capacities 
1. Perceiving 
2. Discriminating 
3. Selecting 
4, Coordinating 
5. Expressing 
C. Responses 
I. Sensorimotor 
1. Connecting an innate or acquired movement with a newstimulus 
2. Connecting an old stimulus with a new movement (learning 


names of objects) 


3. Developing skill in highly complex reactions 
II. Associative (accompanied by selective and inhibitive reactions) 
1. Perceptual 


a. Learning to react to an object 
b. Learning to react to a symbol 
c. Learning to react to a relation 


. Memorial 


a. Imagining 
b. Remembering 


III. Expressive 


1; 


Feeling 
a. Nature and composition 
b. Relation to other responses 


2. Emotional (innate and learned aspects) 


3. 


4, 


Sentimental 

a. Nature and composition 

b. Permanency and rate of growth 
Volitional 


IV. Problem-solving 


12 
ae 
3. 


4. 


Relation to other forms of learning 

Trial and success 

Reasoning | 

a. Relation to associative reactions 

b. Relation to innate reactions 

c. Types of reasoning 

Conceiving and ideating: plans, purposes 


D. Results from responding 
I. Habits: hierarchy of, personal, social, ethical, vocational 
II. Skill: coérdinating, eliminating (short-circuiting), facilitating 


(transfer of learning) 


III. Mental responses 
1. Vividness in perceptual and imaginal processes 
2. Speed and acuity of discrimination 
3. Speed and accuracy in recognizing and in judging 
4. Power to perceive means and relations between them 
IV. Developed in intelligence, organized information (knowledge), 


and cultural sentiments 
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V. Changes in the learner 
1. Strengthening the loose mechanisms involved in sensorimotor 
responses: manual skill 
2. Developing connections between specific objects and neural 
patterns of the brain and their corresponding effectors: 
perceptual learning 
3. Integrating neural systems between sensory and motor areas of 
the brain :- attitudes, tendencies, sentiments (moral, social) 
4, Developing power to discriminate, compare, select: differen- 
tiated motor responses 
5. Developing power to draw inferences, conceive principles, 
and to predict consequences 
Methods of Learning 
A. Trial and success 
I. Law of exercise 
II. Law of effect 
III. Function of inhibition 
B. Imitation 
C. Instruction 


INTRODUCTION 


Learning as a process produces changes in function and 
changes in content (2: 250-252, 503-509). The former changes 
consist in modifying the learner’s responding mechanism, of 
whatever sort, by means of the interaction between the learner 
and his environment, changes thus wrought form in their 
ensemble the modes of acquired behavior. These modes are 
referred to as discrimination (29: 148), perception, judgment, 
skill (29: 2538-268), intelligence, reason, etc. If the learner in- 
creases his power to respond to relatively smaller amounts of 
stimuli, his behavior is more discriminative; if the responses 
are modified so as to improve their speed, accuracy, and ease 
of action, they form skillful behavior; if the learning increases 
the power to respond with more ease and precision to symbolic 
stimuli (for example, words, figures, signs, and emblems), per- 
ceptual, conceptual, and associative behavior has been im- 
proved; if the changes increase the learner’s ability to make 
variable responses in the interests of appropriate or more difficult 
adaptations to a changing environment, the individual’s intelli- 
gence has been developed; and, finally, if the changes increase 
the power to select and adapt means to the solution of problems 
and of difficulties, and to control responses by their foreseen 
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results and consequences, rational behavior, the crowning 
achievement, has been developed. 

Coordinate with the functional changes of an organism are 
those of content, referred to as facts, information, knowledge, 
or what not. ‘‘The man of learning,” “‘A little learning is a 
dangerous thing,’”’ ‘‘ Much learning doth make thee mad” are 
descriptions of learning viewed as content. Changes in both 
content and function are always involved but by no means in 
the same proportion. When learning involves merely the 
acquisition of skill, changes in function are dominant, whereas 
learning tables of denominate numbers, or the paradigms of a 
verb, or the names of the presidents in order of service produces 
changes in content. If the psychological description of the 
differences between content and function is exchanged for one 
in terms of neural conditions, then content refers (1) to lessening 
the resistance at the synapses, and (2) to the integration of the 
reaction arcs into larger and larger systems, and function means 
the ease, accuracy, speed, and intercodrdination and control of 
neural action. 

The analysis of learning viewed objectively reveals four inter- 
related parts: (1) situation, stimulus, condition; (2) the 
learner; (8) the learner’s responses; and (4) the results of the 
responses. A study of the interaction of these factors under 
experimental conditions serves to keep their causal relations 
prominently before us and to maintain vantage points from 
which to observe the laws of human behavior. Direct observa- 
tion of the interaction between stimulus and response reveals 
the principle of cause and effect and thereby opens the way for 
a prediction of human behavior based upon scientific grounds 
(30: 9-15). One person learns Lincoln’s Gettysburg Address 
sentence by sentence until the whole can be recalled without 
prompting; another learns it by reading it repeatedly from be- 
ginning to end until unaided recitation is possible. The psychol- 
ogist predicts from an established law that the second person 
will learn the address more readily and will retain it longer 
(8: 289-292). Experimental studies of the capacities and 
mechanisms of the learner have led (1) to the formulation of 
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laws of responses, and (2) to the discovery of instruments for 
measuring the strength and quality of the responses. The laws 
of psychophysics — laws of attention, of memory, etc. — illus- 
trate the former, and mental tests in common use are concrete 
examples of the latter (3: 345-371). 

Responses furnish the chief source of facts about human 
nature. By them the teacher appraises the act of his instruction, 
the physician diagnoses the patient, the judge renders his de- 
cision,.and the psychologist infers both the stimulus and the 
results. Responses are variously classified, depending upon the 
purposes of the author. When their manner of origin forms 
the chief interest, they are classified as either innate or acquired. 
When their objective and subjective character or their obvious- 
ness or hiddenness to observation is in question, they are 
referred to as explicit and implicit. When the problem of de- 
grees of consciousness is the center of interest, the responses 
are termed conscious, marginal, and unconscious (32: 265-267). 
When the gross character of the mechanism involved in the 
response is the main question, they are classified as (1) organic, 
(2) vocal, (3) body or muscular, and (4) sense organ. This latter 
group refers to responses that adjust the sense organs to stimuli 
and that change stimuli to neural impulses. From such adjust- 
ments are derived our perceptions of space, of time, of rhythm, 
and of properties of objects. When there is an unequal use of 
the sections or links of a reaction arc in learning, the responses 
are named according to the most active section; thus, when 
receptors and effectors are most active (82: 527), the responses 
are termed sensorimotor (29: 287-288) ; when the neurones of 
the brain form the largest section, the responses are called 
associative; when muscles, glands, and vital organs are the most 
active parts, the responses are termed expressive; when 
associative, inhibitive, and facilitating neurones are the most 
active parts, the responses are referred to as problem-solving, 
volitional, and control. 

Learning of any sort starts with reaction arcs already formed ; 
these may be either innate (that is, formed by growth processes 
and independent of experience) or acquired (32: 296-302), and 
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very often both may be used in the same problem, as in learning 
to read, to draw, or to catch a ball. Simple reaction arcs, like 
those of the wink, patellar reflex, and swallowing, may be termed 
active; whereas arcs that control the human ear, the ring finger, 
and certain muscles of the face, and in various pathological 
conditions, are more or less dormant. Again some arcs are 
potential, or unformed, waiting to be developed. These several 
classes of ares influence the type of learning. Usually innate 
arcs and those expressing fundamental desires set problems for 
control; all dormant arcs furnish problems of rejuvenescence 
and relearning, the latter being confined to persons who have 
been injured or are suffering from arrested development; po- 
tential and acquired ares set complicated problems of coodrdi- 
nation and inhibition and are always met with in learning 
industrial and skillful arts. 

The results of learning are the evidence that it exists. Several 
methods have been devised for expressing the rate in learning. 
_They fall roughly into two general classes, qualitative and 
quantitative. Rate of speed and amount done are expressed 
/ numerically, and elimination of error, ease of execution, im- 
provement of technique, and lessening of fatigue are expressed 
in qualitative terms. In a more fundamental sense all estimates 
of results, both quantitative and qualitative, are descriptive, 
the former being more exact and refined (27: 116 ff.). The 
results of learning add immensely to the complication of the 
psychology of learning, and for that reason the mastery of 
methods for their estimation is quite essential. 

The experiments which follow furnish opportunity to study 
the kinds of responses, methods of learning, and ways of 
expressing results. 


EXPERIMENT 81. To study Sensorimotor Learning: the Conflict 
of Impulses (Two Students) 


Material. Mirror 6 in. by 8in.; cardboard screen about 12 in. by 
8in.; five sheets of paper 6 in. square, each having a drawing of 
a six-pointed star; ten blank sheets of the same size; thumb tacks; 
graph paper; support for screen; clock. 
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The set-up of the apparatus is shown in Fig. 35; CL is the cross 
line next to the mirror M. The screen S is about 8 in. above the 
hand. 

The star pattern may be made of cardboard or paper by placing 
the material under one of the stars given, pricking a pinhole through 
the vertices of each of the twelve angles, and connecting these points 
on the cardboard with 
straight lines. The star 
thus traced is cut out 
and used for a pattern. 

Procedure. Kfastens 
a star to the table or 
drawing-board so that 
the cross line is directly 
in front of the mirror 
and places the screen 
so that S can trace the 
star by seeing it in the 
mirror only (see Fig. 
35). The points of the 
star should be num- 
bered clockwise, begin- 
ning with the one at 
the right of the cross 
line. At the signal 
from E, S begins to 
trace the lines of the 
star, going clockwise 
from the cross line 
and continuing until 
the starting-point is 
reached, being careful Fic. 35. Set-up of apparatus for sensorimotor 
not to lift the pen from learning 
the paper and not to 
see the process except in the mirror. E keeps time as indicated by 
the clock for the drawing of each star. As soon as the star is finished, 
S writes ‘“‘Hardest”’ and ‘*‘Easiest’”’ at the points where he had most 
and least difficulty in tracing. Continue the tracings in like manner 
until S has completed fifteen stars, after which E and S exchange 
places. E should insist that S keep on the line and that a constant 
effort be made to return to the line at once when off of it; S avoids 
drawing a line parallel to the star ray. E records S’s time in seconds 
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on each sheet as soon as it is completed, and S makes notes on the 
back of the star to assist in subject’s report. 

Results. Subject’s report. Give an account of the difficulties, 
inhibitions, and methods of overcoming them. Preserve the fifteen 
tracings of the star, numbered in order, with a record of the most 
and least difficult parts, time required in seconds, and number of 
errors. Each movement away from the line is counted an error, with 
the understanding that S has adhered strictly to the conditions. 

Experimenter’s report. Tabulate results, showing in two parallel 
columns the time in seconds for each drawing and the number of 
errors. 

Construct two graphs on the same cross-section paper, placing the 
number of the trial on the horizontal line (abscisse) and the number 
of errors and time in seconds on the vertical line (ordinates). Study - 
the drawings and find what directions, toward or from the body, 
are most difficult and what ones are least so, vertical or oblique, 
right or left. 

Discussion of results. What effect has the mirror upon direction? 
How does this direction in the mirror compare with the direction 
S purposes to take? What are the two conflicting impulses thus 
aroused? Why should the conflict be greatest at certain points? If 
S finally, in the fifteenth trial, does the tracing much better or per- 
fectly, which impulse has become dominant? What has S learned 
to do in terms of coérdination of eye and hand? Why can we call 
this sensorimotor learning? What is the method of learning here 
used? Give an example of this method in the motor life of the child. 
What association is here overcome, and what new connection is 
made? How may this action be considered as an act of the will? 
Does this experiment depend on intelligence? 

This experiment was used, among others, with excellent result as 
a test for the conservative and radical in the presidential election of 
1924 (see Henry T. Moore, ‘‘Radicalism versus Conservatism,” 
Journal of Abnormal Psychology, Vol. XX, July, 1925). Explain how 
the trait of conservatism or radicalism (fundamentalism or modern- 
ism) might be indicated in the results of this experiment. 

As a study in the rate of learning observe the curves for the 
following points: How is progress shown in both curves? Do errors 
decrease with rate of drawing? Are there any indications of periods 
of rapid and slow learning? Explain your answers to the last 
question. 


READINGS. 24: 1-72; 25: 34-40; 81: 119-132. 
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EXPERIMENT 82 A. To study Acquisition of Motor Skill: Codrdinating 
Potential and Active Reaction Arcs (Spacing vara to be Used) 
(Two Students) 


Material. Sling shot ; target ; several rubber balls 1 in. in diameter. 
The sling shot is made of a forked stick of convenient size and 
two rubber bands # in. wide, each fastened to a prong of the stick by 
means of rawhide strings or strong leather. The rubber is reén- 
forced by a leather band where the ball is held by the fingers while 
subject is aiming (see Fig. 86). The target is made of black oilcloth, 


Fic. 36. Apparatus for target practice 


on which are painted five or more concentric white circles 1 in. wide 
and lin. apart; or it may be made by simply chalking concentric 
circles on a blackboard, renewing them as they become blurred. 
Before each shot the balls are dipped in flour.! The left hand, holding 
the forked stick, grasps the support rod (Fig. 36), and the right is 
left free to adjust and release the ball when properly aimed. 
Procedure. Adjust the support rod to suit S’s standing height and 
at a distance 10 ft. straight in front of the bull’s-eye. Much of the 
success in scoring depends on the skill in aiming and releasing the 
ball. The mark left on the target by the ball is the score. Draw 
through the bull’s-eye a vertical and a horizontal line, dividing the 


1A target made of soft board to which are thrown feathered darts is sometimes 
used for this experiment. The authors have not found this material successful. 
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entire target into quadrants. Call the vertical line y and the hori- 
zontal line x. Two measures are made for every score: (1) the dis- 
tance from the x line above being plus and below minus; (2) the 
distance from the y line left being minus and right plus (Fig. 37). 
Six subjects, each with an experimenter, may be assigned to the 
problem. At the conclusion of the practice, each couple presents its 
results to the class. The following order of practice is recommended : 

Pair A makes 300 shots in 12 days at 25 per day 

Pair B makes 300 shots in 10 days at 30 per day 

Pair C makes 296 shots in 8 days at 87 per day 

Pair D makes 300 shots in 6 days at 50 per day 

Pair H' makes 300 shots in 4 days at 75 per day 

Pair F makes 300 shots in 2 days at 150 per day 


The practice may be made every day or every other day. E and 

S exchange places during the practice period, each having a turn. 
Results. Therate of prog- 
ress may be shown in at 
least three ways: (1) by 
the increase in the number 
of shots approaching the 
center, (2) by the average 
of the sum of the errors 
for all the shots during the 
practice period, and (3) by 
the constant error, or the 
center of actual distribution 
of all the scores in a given 
period. The results of a 
typical period of twenty- 
six shots are given here 
(Fig. 37). The errors were 
Fic. 37. Guide lines on target to aidin recorded in inches; the 
computing constant error average of the sum of the 
errors for twenty-six trials 
is 13.4in. The constant error for the x series is the algebraic sum 
of —7in. and+ 6.6 in., or — 0.4 in., and that for the y series is the 
algebraic sum of — 13 in. and + 8.6 in., or — 4.4 in. The cross in the 
diagram is located by the intersection of the x line (— 0.4) with the y 
line (— 4.4). Thus the center of the actual distribution of all the 
scores is a measure of two factors: (1) the distance from the bull’s-eye 
and (2) the direction. The amount of error should be measured by 

E after each shot. 
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The following headings may be used : 


TRIAL 


x SERIES y SERIES 


Below (—) | Above (+) Left (-) | Right (+) 


Discussion of results. Name the probable reaction arcs that were 
coordinated in learning to hit the target. Which time interval corre- 
sponds to the most rapid rate of learning as expressed in your graphs 


and in the differences 


between the amount 


of the initial and final 
errors? Upon which 
does space learning 
have a greater effect, 
the acquisition of skill 
or logical learning? 
Plan and perform an 
experiment that will 
give evidence on this 
question. 


READINGS. 8: 162- 
170; 6: 144-204; 12: 
183-190; 28: 354, 871- 
373; 41: 254-264. 


EXPERIMENT 82 B. To 
study Acquisition of 
Motor Skill in Opposi- 
tion to a Specific Innate 
Mechanism (to control 
the Reflex Wink) 


Material. Headrest ; 
apparatus as shown in 
Fig. 38. 

The apparatus con- 
sists of a thick frame of 
wood 1 in. deep, having 


© H. B. Settle 


Fic. 38. Apparatus for studying control of 
reflex wink 


at the top an opening through which a pane of heavy plate glass is 
slipped, the glass fitting into lateral grooves $in. deep. The frame is 
fastened firmly to an iron rod. A wooden hammer (h) with a rubber 
tip is fastened to the rod below the frame. At C is a catch which, 
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when pressed down, releases a steel spring (Sp) so that the hammer 
flies up and strikes the glass at its middle point. 

Procedure. S seats himself comfortably in front of the apparatus, 
which is clamped at a convenient height. He places his head in the 
headrest, bringing his face so near the glass plate that the tip of the 
nose nearly touches its center. E stands beside him and releases 
the catch, noting all attempts at control of the wink. First a series 
of twenty trials is made so that S’s natural wink processes, without 
special effort, may be seen. After a rest of ten minutes another series 
of twenty trials is taken in which S is directed to contract the muscles 
of scalp and face, particularly around the eyes, and to concentrate 
on thus inhibiting the wink. After a rest of ten minutes another 
series of twenty trials is made in which the same performance is re- 
peated, and in addition S plugs his ears. These two latter series are 
carried out for three or four days (unless it is found that the inhibition 
becomes perfect before this period), and records are made by E. 

Results. Experimenter’s report. The record is made by E for one 


period as follows: 
Wo Sa eee Tee) 


W means wink; P, partial wink; and J, no wink, or complete 
inhibition. 

Discussion and comparison of results of Experiments 82 A and 82B. 
In which of these problems are the arcs active? In which are they 
potential? Which offer problems of control? Which offer problems 
of codrdination? Give examples of learning in the arts and industries 
similar to the conditions in Experiment 82A. What other innate 
mechanisms, more or less similar to the reflex wink, may be brought 
under voluntary control. 


READINGS. 12: 300-316; 19: 188-189; 26: 201-226, 232-252. 


EXPERIMENT 83. To study Learning by Association — involving the 
Substitution of Letters for Digits 


Material. Exposure apparatus (see Fig. 16); timepiece; list of 

20 words and 20 cards with words expressed in digits; prepared tables 
and key to the words. | 
Each experimenter is furnished with (1) a key containing the 
letters of the alphabet from a to 7 inclusive, together with the equiva- 
lent digit for which each letter is to be substituted (the digits from 
1 to 9 are not placed in regular order with the letters; for instance, 
‘ais not equivalent to 1, nor } to 2); (2) a numbered list of twenty 
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words and the equivalent number made of the digit substitutes, that 
is, the material to be learned (for instance, if a=9, b= 6, d=1, the 
word could be ‘“‘bad’”? = 691); (8) a pack of twenty ecards bearing 
the numbers which correspond to the twenty words on the list. For 
E’s convenience each card may be numbered with a small pencil 
mark at one corner to correspond to the number of its word in the 
— list of equivalents. On the other corner in ink may be written ‘tA,” 
which shows that the card belongs to Series A. There is a correspond- 
ing series for the second student to use, Series B. This makes use of 
letters m to u with w substituted for g, and the same digits, 1 to 9. 

Procedure. S is seated on one side of the upright and E on the 
other side, having before him, but concealed from S by the partition, 
the list of words with equivalents, the key, and the twenty cards 
stacked in the same order as the list. E explains to S that he is to 
respond to the number on the card by a word containing as many 
letters as the number has digits, and that in the end, after the twenty 
cards have been used, he will find the letters which stand for each of 
the nine digits respectively. He will then have learned to associate 
each letter with its proper digit. At signal ‘‘Ready”’ E exposes the 
first card by placing it on S’s side of the upright. He notes the time. 
S attempts to discover the word expressed by digits, bearing in mind 
that it must be spelled by letters from a to 2 only. He makes as many 
attempts as necessary until the correct one is given, each time 
writing on a piece of paper visible to E (instead of speaking, so as 
to avoid giving information to those near by) the word he supposes 
to be the correct one. Every attempt must be written and no slight- 
est guess kept from E. E signifies whether the word is correct or in- 
correct and takes the time from exposure to the writing of the correct 
word, entering this time and the number of attempts in the proper 
place in the table. E removes the card from view as soon as it is 
identified. This process is continued until the results have been en- 
tered for the twenty cards. This process makes one complete period. 
The process is now repeated from the beginning in the same manner, 
except that the cards are now shuffled. But E is careful to record the 
results opposite the same card in all periods; that is, if in the second 
period the first card happens to be number 6, the record should not 
be entered opposite number 1 in the table but opposite number 6, 
thus enabling S to compare progress with any card in all periods. 
The process for an entire period is repeated until the twenty cards 
are learned; that is, until only one trial is given to each and that 
without hesitation. E and S now exchange places, and Series B is 
used. 
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Results. The table may be arranged in the following form: 


TABLE XXXIV. LEARNING BY ASSOCIATION 


re: eer: a NUMBER OF ATTEMPTS 

CARD eee REMARKS 
Ta) TET EV) VV eho)! “E/T ey geet ec 

e 

BR 

Sere 

4 . 

5): 

YAU ie ohare 


Discussion of results. When the digit stimulus is given, what re- 
sponse do you learn to make? Is this an example of a substitute 
stimulus or a substitute response? What new habit has been formed 
here? Give some principles by which it has been established. What 
was the method of learning here? What were the chief difficulties in 
the problem? What were the chief aids to learning? Give an ex- 
planation of this process in terms of nerve physiology as presented 
in standard texts. 

Inference. Formulate a law of learning from your results. 


READINGS. 8: 50-59; 9: °2238-226; 27: 125-136; 31: 138-150; -32: 
398-405. 


EXPERIMENT 84. Studies in Associative Learning (Two Students) 


@ 

A. The Effect of Meaning on Associative Learning. 

Material. Stop watch or clock with second hand; cardboard 
10 in. by 12 in.; a number of cards, 6 in. by 8 in., on each of which 
are drawn ten objects in two horizontal rows of five each. The 
words should be covered during the experiment. 

A sample series for each pair of students is suggested by Series I, 
Sets a, b, c, and Series II, Sets a, 6b, c. (These figures may be used, 
provided, of course, that each student agrees not to inspect the 
other’s series.) Each student, in drawing his own series of objects, 
should keep the areas on the card occupied by the objects uniform 
in size and the lines forming the objects of uniform heaviness. Each 
experimenter keeps his series in an envelope and removes a card 
only when it is time to expose it to S. 
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Procedure. E places card a (bearing 10 objects) of Series I, the 
easiest of the set, on the table before S and covers it with the card- 
board. At signal “‘Ready”’ he exposes the card for ten seconds only. 
The card is covered again, and S at once draws the objects on the 
record blanks in the same position in which it appears on stimulus 
ecard. These papers must have S’s name, the date, and the number 
of the trial. Draw as many objects as possible and then write on the 
back of the record sheet a brief report of the aids used in making the 
reproduction. Drawing the objects and writing the report should 
not consume more than ten minutes and may be done in less. Keep 
the time intervals between trials as constant as possible. Use a new 
sheet of paper each time for the drawing until all the objects are 
correctly reproduced. The last paper must show all the objects 
correctly drawn and in proper position. E and S now exchange 
places and Set a of Series II is learned in the same way. As soon 
as Set a of each series is done, Set b of Series I is begun under the 
same conditions of learning and continued until ten trials have been 
made. E and S exchange places and make ten trials of Set b, Series II. 
Less meaningful cards usually require more than ten trials, but if 
more than ten are required for complete learning, they should be 
performed at the next laboratory period. When both students have 
finished Set b, the most difficult set, Set c is next learned, which 
completes the procedure of part A. During the learning process no 
drawing is counted until it is exactly correct in form and position. 

Results. Subject’s report. S now takes charge of his own record 
sheets and arranges and expresses the facts in three ways: 

1. By a report. S reads the notes made on the back of the record 
sheets to determine what was characteristic of the learning in each 
of the three sets of objects, respectively. If geometrical figures were 
used in Set a, were they remembered by name or by shape? Was 
meaning attached to the nonsense figures? If so, give illustration. 
Did you name any of them, and why? 

2. By a table. The table may be arranged as in Table XXXV. 

3. By graphs based upon the table. Draw each of the three graphs 
from the same base. Let the base line (abscisse) show the number of 
trials and the ordinates the number of objects drawn correctly at 
each trial. 

Discussion of results. Before writing your inference, read and 
answer the questions raised in paragraphs a and b: 

a. Examine the subject’s reports for these points: (1) aids to writ- 
ing and drawing the figures, such as grouping and classifying as to 
similarity and contrast of figures, position on the card, association 


SERIES I | 


ae. 
= Oe 


Set a. Meaningful figures 


at, oe 


Culture Refine Sublime Belief Fame 
Proud Careless Sincere Effort Reflect 
Set 6. Less meaningful figures 

oA AE CY 
Remind Emphasis Devise Distinct Ability 
Similar Accept Obtain Positive Research 


Set c. Nonsense figures 


Fic. 39 A. Series for associative learning 


SERIES II 


Set b 
Quebec Elbe Ural Erie Madrid 
Sicily Styria Morocco San Marcas Monadnock 
Set c 


Fic. 39 B. Series for associative learning (continued) 
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TABLE XXX V. EFFECT OF MEANING ON RATE OF LEARNING 


SERIES I 


TRIAL Set a Set 6 Set ¢ 


Number | Number | Number | Number | Number | Number 
Attempted| Correct | Attempted| Correct | Attempted| Correct 


with familiar objects, concentration on difficult figures; (2) meth- 
ods of reproduction, such as drawing the figures in the air, assign- 
ing names and repeating them, making rimes and rhythmical 
descriptions; (8) causes of forgetting between the trials and between 
the periods, such as distractions, fatigue, mood, attitude, and inhi- 
bitions (can you classify the inhibitions?); (4) nature of objects 
that proved difficult and of those that were comparatively easy. 

b. Let the number of repetitions required to reproduce the objects of 
maximum meaning be taken as the unit of comparison. Then that 
number divided by the number of repetitions necessary to reproduce 
all the objects of any one of the other cards expresses the ratio of 
meaning for that card in terms of the card of maximum meaning. 
To illustrate from results of a similar experiment, it was found that 4 
trials were necessary for the reproduction of 16 letters, 20 for 16 geo- 
metrical figures, 51 for 16 nonsense figures, and 59 for 16 conventional 
curve-line figures, forming practically the following ratios: geometri- 
cal figures, 1:5; nonsense figures, 1:18; and curve-line figures, 1:15. 

Inference. What inference do the graphs tend to support about learn- 
ing objects of different degrees of meaning? What sort of objects offer 
difficulties to discrimination? When you make a discrimination be- 
tween two objects, have you reacted to both? If so, how do the 
reactions compare? Upon what does the capacity for discrimination 
depend ? 

B. The Effect of Names given to Objects upon the Rate of Associative 
Learning. 

Material. Stop watch or clock with second hand; two series of 
cards of four each; cover cardboard 10in. by 12 in. 

Procedure. Each student, E and S, draws twelve figures or ohieem 
in three rows of four each on four cards, a total of forty-eight objects. 


a 
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Although no two are alike, they must be of the same general type 
suggested in Sets b and ¢ of Series I and II on pages 216 and 217. 

Caution. Keep the areas occupied by the objects uniform in size 
and also the lines of uniform heaviness; the slightest imperfection 
in drawing will prove a source of error. 

Objects of Set a are not given names. 

Objects of Set b are given nonsense names, as: 


kilg rax kas dok 
zod > mor dygt nir 
relk sught zol sab 


Objects of Set c are given abstract names, as: 


serene demure candor destiny 
order gratify doubt curious 
regular honor duty justice 


Objects of Set d are given proper names, as: 


Arnold Edward Alfred Henry 
Thomas John Peter George 
Harry Samuel Walter Charles 


The words should be written on a typewriter and then each pasted 
under the object which it names. Keep the sets in an envelope. 

Procedure. One subject learns the sets in the order a, b, c, d, and 
the other in the reverse order. The same general conditions are fol- 
lowed as in part A, but twelve seconds are allowed for exposure and 
ten minutes for reproduction, which in this case consists in drawing 
the figure, writing its name below, and reporting on the reverse side 
of the record the aids used in making the reproduction. E and S 
exchange places after every ten trials. 

Results. Subject’s report. As the subject’s report in this experiment 
is very important, due care should be made ‘in writing it on the 
reverse side of the records, which should be arranged in a coherent 
form and expressed in at least four paragraphs, one for each set. 

Experimenter’s report. This consists of a table, as in part A, from 
which are constructed learning curves for each set of objects. Each 
curve is drawn from the same base, on which is shown the number of 
_ trials. A brief description of each curve should appear in the report. 

Discussion of results. It has been shown that names improve dis- 
crimination. Can as broad a statement be made concerning the 
effect on the rate of learning forms of objects? Which set of cards 
do you make the basis for comparison in judging whether names 
aid or hinder learning? 
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Since the objects were of the same difficulty, the difference in the 
rate of learning was largely due to the name factor. Is there any 
evidence tending to show that names aided in learning the objects? 
Which class or classes of names proved a positive hindrance? Which 
elass offered the least hindrance? Name the kinds of stimuli in- 
volved in learning both the name and its object. Did you do any- 
thing to complicate or increase the different kinds of stimuli? If so, 
what? What law of association is chiefly involved in this sort of 
learning? Is there any evidence tending to show the effect of 
practice ? 

Inference. See how many laws of learning can be given here. 

READINGS.” ‘52 .3605367; 7: 151; 298; 1% s°222, 22955289, 243) cia 
92: 207-233; 427: 32-385. 


| A STUDY IN PLACE MEMORY 


Place memory occurs in the mental connections formed be- 
tween words, dates, sentences, pictures, diagrams, etc., and 
their position on pages. Place memory is constantly used by 
clerks in retail stores. It serves in the skillful operations of the 
railway-mail clerk, the central telephone operator, and in dis- 
tributing printer’s pi. The following experiment is designed 
for studying its manner of growth. 


EXPERIMENT 85. To study the Growth of Place Memory of Positions 
in a Vertical Plane 


Material. Stop watch; six decks of playing-cards; roller screen ; 
distributing case; number of blank forms for mapping the case. 

Let the outside dimensions of the case be 52 em. high, 92 cm. long, 
and llecm. deep. Divide the case into fifty-four compartments, 
having six-in the vertical dimension and nine in the horizontal dimen- 
sion. The boxes should be 9 cm. wide, 7 cm. high, and 10 cm. deep. 
Incline the bottom of the boxes at a slight angle to prevent rebound 
of card (see Fig. 40). Stain the case a dead black. Uniformity of 
labels for the boxes may be secured by cutting off the corners from 
a deck of cards and using these as labels, sacrificing a deck for this 
purpose. They may be pasted on or inserted in clips at the upper 
right or upper left edges of the boxes. For this experiment label boxes 
for all but the face cards; that is, label forty of the fifty-four 
boxes. To do this, conceive the boxes of the case as divided into 


, 
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four groups: an upper and lower right and an upper and lower left 
group. Let the fifth row of vertical boxes be unlabeled and divide 
the case into right and left halves. Each quarter then contains 
twelve boxes, ten of which are labeled. 

Stack the forty non-face cards by arranging the suits and the 
card numbers in a definite order; for example, arrange the suits in 
this order: clubs, diamonds, spades, hearts; and the card numbers 
in this order: 8, 3, 10, 2, 7, 9, 5, 4, 1 (ace), 6. The stacked order 
serves to control the labeling of the boxes, which must be done in 
such fashion as not to permit two consecutive deliveries to go to the 
same quarters, nor four 
consecutive deliveries 
to go to the four respec- 
tive quarters in the 
manner of a “round.” 
These precautions pre- 
vent the formation of 
rhythms and the fusion 
of boxes through move- . 
ments of distribution. 
The aim is to keep the 
position of each box as 
' individual as possible. 
during the mapping 
process, and thus ap- |[@ : 
proach the conditions © H. B. Settle 
of learning space posi- Fic. 40. Distribution case for place memory 
tion in industrial life. 

Place the case about 90 cm. from the floor on a stand or desk.! 

Procedure. S is directed to grasp the stacked deck in the most 
favorable manner for distribution and to stand directly in front 
of the case. The signal ‘*‘Ready”’ is given, and a moment later the 
screen is rolled up from the case and the stop watch started simulta- 
neously, and S begins distribution. As the last card is thrown, S 
calls ‘“‘Up”’ as a signal to stop the watch and to pull down the 
screen. The time between removing the screen and §’s signal ‘‘Up”’ is 
considered the distribution time. S turns at once to charting as many 
of the boxes as possible on blank forms containing fifty-four com- 
partments arranged in the same way as the boxes of the case. The 
subject should map the entire forty, guessing if necessary. With 


1 The back of the case may be made of beaver board and the boxes of some soft 
wood. 
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the charting finished, the distribution is repeated, followed in turn 
by further charting on a new blank as before. Consider one distribu- 
tion a trial, and three a period. Perform one period a day until the 
mapping is done without error. The opportunity for viewing the 
position of the boxes is possible only during the exposure and when 
actually using the case. The charting may be done with or without 
knowledge of the previous results and mistakes. If the former method 
is adhered to, learning the position will more nearly conform to the 
conditions of industrial life. S should write a brief account of the 
aids which he used in mapping on the reverse side of the map after 
at least every other trial. 

Results. Subject’s report. Summarize the methods used for locating 
the boxes as recorded in notes made on the reverse side of the maps. 

Experimenter’s report. Arrange the maps in a time series and com- 
bine the results in a table with the following headings: 


ACCURACY IN LOCATION 
RATE PER 
CARD 


DATE TRIAL 


Correct Scattered 


O Two 
Removed | Removed 


‘““Seattered”’ refers to those placed more than two boxes from the 
proper location. 

Construct a second table in which the names (labels) of the forty 
boxes are arranged in a descending series according to the number of 
correct tzmes each box was located during the mapping. To the right 
of each name indicate both the absolute number and the percentage 
of times the box was correctly placed. Those boxes that were mapped 
correctly at every trial should be ranked 100 per cent and the re- 
mainder according to percentage. For example, if twelve trials were 
required to complete the map and if 10 of clubs was placed correctly 
twelve times, 9 of hearts ten times, and 3 of diamonds nine times, the 
rankings would be, respectively, 100 per cent, 83.3 per cent, and 
75 per cent. 

Discussion of results. Does the table give evidence of a perse- 
verative tendency of a marginally conscious influence operating in 
learning the positions? If so, in what does it consist? Is there a ~ 
correlation between the rate of distribution and the number of 
boxes mapped per trial? 

From a study of the second table find answers to the following 
questions: . What is the position of the cards that were listed at 100 
per cent? between 95 per cent and 85 per cent? between 85 per cent 
and 75 per cent? between 75 per cent and 50 per cent? below 50 per 
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cent? What law may be inferred from these facts as to the growth of 
place memory? In which quarter of the case were the majority of the 
boxes first located? In which next? In which last? Can you ac- 
count for this order? Can you indicate any practical application of 
the laws that you have formulated to the industrial arts and to 
teaching? Can you devise further experimentation in the study of 
place memory? What would be the effect, for example, of arranging 
the boxes in concentric circles? 


READINGS. 10: 184-166; 18: 276-283; 17: 286, 306. 


EXPERIMENT 86. To study Transfer and Inhibition in learning 
Skillful Movements (Six Students) 


Material. Ten decks of playing-cards; stop watch; two distribu- 
tion-cases like that used in the preceding experiment; blanks for 
recording time per card, giving date and number of trial. 

Playing-cards commend themselves as suitable experimental ma- 
terial on account of their cheapness, their accessibility, and their 
standard shape, size, and slipping quality. It is obvious that the 
card symbols, color, and numbers make it possible to set a variety 
of useful laboratory exercises on the acquisition of motor skill, inhi- 
bition, transference, and associative learning. 

Procedure. Two of the six students are experimenters throughout 
the experiment, and the rest are subjects. E 1 conducts Plan I of 
the experiment, and.E 2 conducts Plan II. Each plan has Part 1 and 
Part 2; it is in the latter that the facts of both transference and 
inhibition are most striking. The plans have much in common 
and the small difference presents no difficulty in conducting the 
experiment. The signal is given, the screen is rolled up, and S’s 
distribution time is taken as in Experiment 85. 


STACKING THE CARDS 


That habits of movement may be formed as soon as possible, the 
cards must be stacked in the same way for every distribution. For 
Plan I let the suit order of the cards be hearts, spades, clubs, diamonds 
and let the numerical order of the cards be Q, 5, 6, 4, 8, 10, 8, 2, 
K, 9, 7, J, A. For Plan II the order of the suits and the numerical 
order of the cards are the same as for Plan I. In both plans hearts 
and diamonds are thrown to diamond boxes and clubs and spades 
each to their respective boxes. It is well to have stacked an extra 
deck in excess of the number used per period. 
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LABELING THE BOXES IN THE CASE 


The order of labeling the case, together with the order of suit and 
the order of stacking, gives control over the movements as definite 
as that formed in typewriting, piano-playing, etc. In the present 
experiment S will soon discover a set of left-to-right rhythmic 
movements. 

The case for Plan I is labeled as shown in Chart A; these labels 
of the case in Plan I remain the same throughout Parts 1 and 2. 

The case for Part 1, Plan II, is labeled the same as the case for 
Plan I, but Part 2 requires the changing of the labels as shown in 
Chart B below. This change of labels on the boxes, without in any 
way changing the stacking, produces a system of vertical movements 
at right angles to those of Part 1. 


CHANGING THE PRACTICE 


1. Subjects doing Part 1, Plan I, practice at the rate of five trials 
per period until a maximum speed in distributing has been attained ; 
this will usually be indicated by small gains and frequent lapses. 
The decks are then stacked in the reverse order — the suit order and 
numerical order of cards and the box labels remain the same — which, 
of course, reverses the direction of the approaches to the boxes as 
well as those in leaving. Practice on Part 2 continues until a second 
maximum of speed is attained. 

2. Subjects doing Part 1, Plan II, likewise practice until maximum 
speed is achieved. The boxes of the case are then relabeled as shown 
in Chart B, and the practice is continued as before until an entire 
pack can be distributed in at least fifty-five seconds. Usually higher 
speeds are attained. 

As the facts of inhibition are observable only during the distri- 
bution, it is necessary that E be provided with suitable blanks for 
making rapid entries. For that purpose an error and inhibition 
chart is here suggested in outline; it shows the main headings, 
together with the names of the first thirteen cards in a vertical line 
to the left. The remaining three groups of thirteen should, of course, 
be added for a complete chart. The inhibition, as well as the error 
of the movement, should be indicated by a check opposite the card 
in the vertical column corresponding to the one in S’s hand. 

S should state, after each distribution, the name of the card 
found difficult, what cards were anticipated, what movements ap- 
peared smooth, and what ones tense and what ones ‘‘jerky.”’ E should 
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CHART A. Box LABELS FOR PARTS 1 AND 2 OF PLAN I AND 
PART 1 OF PLAN II 


CHART B. Box LABELS FOR PART 2 OF PLAN II 
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notice changes in S’s technique of distribution, the manner of standing 
before the case, the manner of holding the cards, and the use and 
control of fingers of the distributing hand. 

Results. Subject’s report. Indicate elements both of transfer and 
of hindrance in distributing, the effect of making a mistake on subse- 
quent movements, the probable cause of becoming confused. (A 


13 Pleasant stimulus, subject A 
2 Pleasant stimulus, subject D —-—- 
Unpleasant stimulus, subject H-—-—— 
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Fic. 41. Graphs showing rate of learning in placing cards in a distribution case 


Ordinates show time required in seconds and fractions thereof to deliver a single 

ecard. Abscissas show the number of periods of practice. Arrows point to the begin- 

nings of Bee. (After Kline in Psychobiology, Volume II, page 294. By permission 
of Williams and Wilkins Company) 


problem of this sort should stimulate the subject to make observa- 
tions on managing attention, on the art of anticipation, and on the 
coordination of diverse systems of movements.) 

Experimenter’s report. Show the results in tables and by graphs 
based upon them. The base line of a graph may show the trials or 
the periods of practice, and the ordinates, the time in seconds per 
card. The graph above is based upon results obtained in card dis- 
tribution. Note the two arrows at the “elbows” of the curve. 
E should look for similar features and indicate what they express. 
His report should also contain four charts showing an analysis of 
the movements for each of the four systems of thirteen movements 
in distributing fifty-two cards. The chart (Fig. 41) shows an analysis 
of two such systems, the first and the second thirteen. E’s charts 
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Fic. 42. The different systems of movements involved in delivering each 
thirteen of half a pack of fifty-two playing cards 


Note that in the second thirteen the system of movements is radically changed; the 
third and fourth thirteens (not shown) were equally different. (After Kline in Psy- 
chobiology. By permission of The Williams and Wilkins Company) 


should show why the movements became rhythmic and also the 
boxes that broke the rhythms and produced inhibitions. The report 
should also contain an error and inhibition chart. 

Discussion of results. What movements in Part 1 aided those of 
Part 2? List all the factors of Part 1 that were readily transferred 
in learning Part 2. 
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Why did Part 2 of Plan I offer comparatively slight inhibition and 
large transfer? Do the tables, graphs, and subject’s report agree on 
this latter point? What marked inhibitions occurred with all subjects 
in Part 1 in the same movements? What facts does analyzing the 
movements by drawing them on a chart offer in explanation of such 
inhibition? Do these inhibitions tend to stop by giving better 
attention or by increased practice, or do both play a part? Make 
a list of all factors that tend to make inhibitions. Should distinctions 
be made between hindrances and inhibitions? 

READINGS. 1: 4-8; 2: 173-179; 3: 323-840; 6: 352-356; 7: 211-240; 
19: 194-203; 27: 398-4383; 29: 491-493. 


EXPERIMENT 87. To learn Forms and Patterns by Movements 
(Two or Three Students) 


Note. Learning forms and patterns is common to many arts and trades. 
Tailors, milliners, designers, pattern-makers, and architects must learn to 
construct and to interpret patterns. Students of design and of art in general 
memorize in a more or less fortuitous way a sort of artist alphabet, consist- 
ing of conventional symbols, figures, and terms. Some information on the 
ways of pattern-learning has been gained in recent years from investigations 
made on the learning of the stylus maze. It is interesting to note that these 
studies were suggested by others made on animals learning to find their way 
about in intricate mazes. 


Material. ‘Two mazes! (a right-hand and a left-hand one), sawed 
from 5-ply wood 1 em. thick ; several dozen sheets of white or cream- 
white paper, of antique finish, not less than 32cm. by 32 cm.; 
stylus pencil, with medium-soft lead, 14 em. long (Fig. 43), with a 
rubber button 4 cm. from the tracing end; stop watch; record 
blanks and tabular forms; drawing-board; thumb tacks. 

The mazes are shown in Fig. 43. The outside dimensions are 
37 em. by 37 cm.; those of the maze proper are 30 cm. by 80 cm.; 
the runways are 1 cm. deep and 1 cm. wide. A square wooden frame 
32 em. high is fastened to the four corners of the maze by long screws 
put in from the bottom. This frame supports a black curtain on top 
and around three sides; the rear side is left open for E to observe 
S’s movements. Fig. 44 shows the wooden frame and the manner of 


“ covering it. (The maze is exposed in the figure on two sides to show 


armhole and manner of grasping the stylus; the maze shown in this 


1 Dr. Willard S. Small, while a student of Professor Edmund C. Sanford in Clark 
University (1898-1899), was the first to convert the Hampton Court maze into an 
apparatus for studying the capacities of animals for this type of learning. 

The maze shown in Fig. 48 cost $2.65 and was made in a local carpenter shop. 
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figure is too complicated for class use.) An armhole with a sleeve 
pierces the curtain on the entrance side; it is thus completely closed 
from S’s view and permits work with open eyes. The apparatus 
with cover weighs 1400 g. Arrows in Fig. 48 show entrance and goal 
of the two mazes. 

Procedure. 1. Place a sheet of the cream-white paper on the 
drawing-board and fasten securely with thumb tacks; then place 
the maze on the tracing-paper and clamp it to the drawing-board. 
E hands S the following instructions in written form: 


Seat yourself before a table upon which the maze is placed, but concealed 
from view by a black curtain. Take a comfortable and natural position. 
The maze consists of runways with many blind alleys; one of the runways 

y y 


Left. i) Right Tf . Settle 


Fic. 48. Ground plans of left and right mazes 


leads to a goal. The problem is to trace through this continuous groove by 
means of the pencil until the goal is reached. You make a mistake when yo 
go into a cul-de-sac (blind alley) and will have to retrace to get out of it. 
Do not raise the pencil from the bottom of the runway at any time, because 
the lines made by the pencil are important for study. 

Start at the signal ‘‘Go.”’ Keep on tracing through the runways, regard- 
less of the number of blind alleys entered, until the goal is reached. Hold 
the stylus in a vertical position; you will know when the goal is reached be- 
cause you can then move the pencil freely in any direction. 

Do not ask any question of the experimenter. Be sure you understand 
what you are going to do before beginning. 


S grasps the stylus just above the rubber button and E places 
the stylus at the entrance of the maze and then gives the signal to 


LEARNING 231 


start. E watches the tracing from the rear end of the frame but re- 
frains from all communication during the process. Tracing from 
entrance and goal as in Fig. 45 forms a trial. E keeps the time in 
minutes and seconds. S continues the trials until the maze is learned. 

The maze is considered learned as soon as S can make three 
tracings in succession without a single hitch. S writes on the reverse 
side of the tracing-sheets a report of difficulties, methods of avoiding 
them, and ways of learning, but no suggestions are at any time given. 
EH now requires S to make a drawing of the maze from memory. 
S, at a later laboratory 
period, learns the maze 
with the left hand. 

2. Hand S exchange 
places and the second 
subject learns the left- 
hand maze with the 
left hand first and then 
with the right hand, 
just the reverse of the 
procedure followed by 
the first subject. <A 
month after complete 
learning, both subjects 
trace the maze a sec- 
ond time from mem- |7@ 
ory. (See Fig. 45 for © H. B. Settle 


drawings of three sub- Fic. 44. Stylus maze in use 
jects, A, B, and C. Curtain raised to show manner of holding stylus 


Results. Subject’s re- 
port. This is compiled by S from the records made on the reverse 
side of the tracings. Similar points and comments made by 8 are 
grouped in the same paragraph. 

Experimenter’s report. Show the progress made, trial by trial, by 
using a blank similar to the one given here. A “critical point” isa 
place in the maze where a slight deviation in one direction or another 
may bring success or failure. Make a careful list of such points and 
number them 1, 2, 3, ete. Culs-de-sac are similarly numbered. When 
S fails at a critical point (that is, goes in the direction of a cul-de- 
sac), a plus sign is made in the record. If he only hesitates, a minus 
sign is made. If no hesitation, a zero is made. The number of errors 
and hesitations, respectively, occurring during a single trial is indi- 
cated by an exponent to the right of the signs (see Table XX XVI). 
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The report should further show learning curves for the right and 
the left hand and any additional information that will indicate the 
amount of transfer from one hand to the other. After S has finished 
learning with both hands E should ascertain by question and from 
previous observations the methods used by S in learning the pattern. 


TABLE XXX VI. RESULTS OF LEARNING MAZE 


CRITICAL POINTS CULS-DE-SAC 
TRIAL 1 2 3 etc. i 2, 3 ete. 
Totals Totals 
+|/—|0;}+]—|0|+!-|0 +)/-—|0/+/-—|0]|+|-|0 
. . [43/2] 021-+2/—4! 03 |4-2/—1] 04 +-4|— 2) 03 |-++-4|—5| Q2 |--5|/—1) Q3 


Discussion of results. Is there any relation between the number of | 
mistakes that occur in the earlier trials and the final rate of learning ? 
Do you find an unmistakable relation between inhibitions and learn- 
ing the maze? Do the subjects tend to visualize the maze? Is there 
any evidence that it aided the learning? Are there facts tending to 
show that vocalization was used? If so, how does its service compare 
with that of the hand in learning? Do the subjects tend to press the 
stylus against one side of a runway more than another? If so, how 
may the tendency be explained? How does the accuracy of the 
memory drawings compare with S’s method of learning? What 
do these drawings show about the stability of the memory for the 
maze pattern? What do the later drawings show about the rate of 
forgetting? How does this rate of forgetting compare with that for 
dates, events, or other facts? 


READINGS. 8: 238-247; 18: 259-272; 20: 3-14, 94-97 (if possible the 
student should read the entire paper); 21: 122-154; 24: 66-67. 


EXERCISES 


1. Give a concrete illustration of the principle that exercise 
strengthens a mental connection, that is, that we learn by doing, 
and one of the opposite, the effect of disuse. 


2. Explain the psychology of the ‘‘prompting”’ method of study, 
that is, testing oneself, then correcting errors, and thus finding what 
is forgotten. 
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3. How long, on an average, should one engage in intensive study 
before resting or changing to another subject? (7: 285) 


4. In reviewing for examination is it better to study for a long 
period the day before the examination, say four to six hours, or to 
work intensively for short periods with intermissions of rest. and 
entire change? 

5. In studying your lessons in history, what method have you 
found to be best? Criticize your method as to psychological basis 
and as to economy. 


6. Give some advantages of the ‘‘whole method,” applying it 
concretely to some of your daily tasks. 

7. Which of the following methods is best to use in a lecture 
course : 

a. Take few or no notes, pay very careful attention, trust to 
memory without writing out the lecture. 

b. Take few or no notes, pay very careful attention, write out 
the lecture shortly after hearing it, referring to notes only when 
necessary. 

c. Take full notes and write out the lecture. 

d. Take full notes, trust to notes, and do not write out the lecture. 

Investigate this matter for yourself and be ready to report when 
called upon. 

8. Give some uses which may be made of a phonograph in 
teaching. 

9. Study your own learning curve in Experiment 86 and discuss 
it, referring to (1) initial rise, (2) plateaus, (8) final rise. 

10. Discuss the question of interest in learning. What is the 
affective quality which is present in (or, according to some writers, 
is) interest? Does interest ever occur in connection with the opposite 
affective quality ? 

11. Give examples of (1) sensorimotor learning, (2) associational 
learning, (3) imitation learning, (4) rational learning. 

12. Discuss the physiological limit in learning. Is it often reached ? 
What psychological factors may induce a learner to strive for this 
goal? 

13. Take some task you have had and point out the réle played 
by the following factors in learning it: (1) intention, (2) attention, 
(3) understanding, (4) practice. 

14. Why is it best, from the psychologist’s standpoint, not to refer 
to notes when giving a public address? 
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15. A child going into a dark room is frightened by a loud noise. 
Thereafter the child is afraid of the dark. Explain the association 
(formed here by shock). 


16. A child eats too many green apples. In what two ways, one 
natural and logical, the other arbitrary, might he be prevented 
from repeating the act? Give the psychological explanation in both 
cases. 


17. How does the learning of animals differ from that of man? 
(See 16:-17, 72,275-279. Note the explanation of the Gestalt theory, 
that animals perceiving a thing in its setting as a whole do not dif- 
ferentiate and fit the parts into different situations as readily as is 
done by the higher intelligence of man. How does this explain the 
‘ fact that a horse can find its way better than a man when lost?) 


18. Compare the learning of apes and of children (15: 305-306). 
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CHAPTER IX 


MEMORY AND IMAGINATION 


1. All memory is associated with time. Therefore, only those creatures that 
have perception of time have memory, and memory attaches to that organ 
(heart) whereby time is perceived. — ARISTOTLE (translated by William A. 
Hammond, in Psychology, p. 195) 

2. The word ‘“‘memory” lays particular stress upon the latency of the 
‘““conserved”’ impressions; ‘‘reproduction” and “recollection” upon their 
recurrences in consciousness. Imagination differs from all three in admitting 
the possibility of a dissimilarity between the peripherally and centrally 
excited contents. — OSWALD KULPE, Outlines of Psychology (translated by 
E. B. Titchener), p. 170 

3. Memory is the knowledge of an event or fact, of which meantime we 
have not been thinking, with the additional consciousness that we have 
thought or experienced it before. — WILLIAM JAMES, Psychology, Advanced 
Course, Vol. I, p. 648 


4. Sometimes ideas are described as imaginations. This term is used to 
indicate that a mere rearrangement of elements of memories has been made. 
... When the combinations which go on in consciousness are purely ca- 
pricious, we speak of fanciful imaginations. When, on the other hand, recom- 
binations of mental processes are worked out systematically and coherently, 
we speak of scientific imagination. — C. H. Jupp, Psychology, p. 255 


5. In any case, whether the recognition is definite or indefinite the repro- 
ductive imagination with recognition is properly called memory. — KNIGHT 
DUNLAP, Elements of Scientific Psychology, p. 160 


6. A memory implies sensimaginal resources more than sensational; the 
body at large is less involved, and the cortical part of the cerebrum more. 
The total image, which is usually the smallest unit of cognitive reference 
in memory and in imagination, is organized under central conditions; and 
the trains and sequences of images are also centrally controlled. — MADISON 
BENTLEY, The Field of Psychology, p. 252 


TOPICAL OUTLINE 
General Nature 
A. Rank among the mental functions 
I. Complexity in composition, variety and range in function 
1. Conserves and extends the use of experience 
2. Gives to purpose means Of seeing and attaining ends 
238 


MEMORY AND IMAGINATION 239 


II. Relation to sense experience 
1. Both are reactions of conserved sense experience 
2. Both lack detail and stability as conscious reactions 
3. Both show degrees of emancipation from the limitations of 
“setting,” of space, and of time 
B. Uses of the term “image’”’ 
I. Physical: designates reflection of objects in a smooth surface 
II. Physiological: refers to pictures formed on retina by optical 
parts of eye | 
III. Psychological: designates conscious reaction to discrete, 
| focalized experience aroused by either external or internal 
stimulus 
1. Imagery of perceptual reaction 
a. Reaction of perceptual pattern by external stimulus — 
(1) True: corresponding to definite objects 
(2) False: noncorrespondence between perceptual reaction 
and its object — illusions 
b. After-images 
(1) Positive 
(2) Negative 
c. Images of perseveration: due to the gradual subsidence of 
sense experience 
2. Imagery of ideational reaction (reinstated sense perception) 
a. The memory image: imagery corresponding to past con- 
crete experience consciously identified 
b. The imaginative image: imagery reinstated but neither 
corresponding to nor identified as former experience 
(1) Controlled imaginative image 
(2) Uncontrolled imaginative image 
Aspects of Forming Memory Reactions 
A. Receiving and organizing sense impressions (a large phase of learning) 
B. Retention (physiological basis of memory) 
I. Forgetting as an indirect measure of the amount of retention 
II. Causes of forgetting 
1. Several kinds of inhibitions 
2. Non-use of brain centers 
3. Hereditary factors 
4. Disease and ill health 
C. Recall: conscious reinstatement of sense perception 
I. Means of recall: cues, either sense perception or images, ideas, 
or emotional complexes 
II. Laws of association functioning in recall 
III. Kinds of recall 
1. Empirical: the bonds of connection are formed without plan 
or purpose 
2. Logical: based upon the fact that bonds of associations are 
formed according to plan and intention (subject matter 
consciously organized) 
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IV. Failure to recall 
1. Insufficient number of bonds of association 
2. Improper attitude, misdirected attention, unfavorable emo- 
tional setting 
D. Recognition (recognizing consists in part reacting to an object or an 
idea in the same way that it was reacted to in sense experience) 
I. Kinds of recognition 
1. Perceptual recognition 
2. Ideational recognition 
II. Factors involved in recognition 
1. Kinesthetic sensations aroused by responses similar in kind 
to those made in previous experience: familiar movements 
2. Associated mental elements involving time, space, and 
“setting” 
3. Feeling-tone of familiarity 
III. Functions of recognition 
1. To produce definition and strength in responding 
2. To classify events, objects, and facts in specific ways 
IV. False recognition (a partially old response without adequate 
recall) 
1. Influence of attitudes and prepossessions on recognition 
2. Influence of age on false recognition 
Methods of Remembering 
A. Proper attitude and intention at the time of learning 
B. Comprehending and organizing subject matter 
C. Proper control of the laws of inhibition and the laws of learning and 
methods of practice and use of memory 
Imagination (consists in recombining Imagery in the Process of Recall) 
A. Imaginative content 
I. Concrete or symbolic and verbal 
II. Abstract and embodying the meaning side of images 
B. Function of imagination 
I. Controlled imagery in constructive and creative imagination 
II. Uncontrolled imagery as in complexes, suppressions, dreams, 
reveries . 
Comparison between Memory and Imaginative Imagery as to Familiarity, 
‘ Definition and Color, Duration and Change ; 


INTRODUCTION 


Memory. The facts of retention and association are revealed 
through reproduction, recall, and recognition, — all different 
aspects of remembering. 

Reproduction, as used here, refers to all those responses to 
sense experience that occur at the end of after-images and of 
primary memories (38: 399). The time limits or end of these 
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processes is not readily determined, but their presence may be 
practically eliminated at once by engaging in responses other 
than those involved in the sense impressions. This may be done 
by counting, saying the alphabet, or repeating poetry for ten or 
fifteen seconds. Then the response made to the stimulus at the 
close of the interpolated responses constitutes reproduction. 
It may be reckoned as a means for recovering sense experience 
in its original form before the subject has changed his “‘mind 
set”? or before he has thrown off the experimental mood and 
set about other work. | 

With the lapse of time the exact form and pattern of our 
experience is decidedly changed, through the loss of details, by 
the rearrangement of the material and by the introduction of 
new material into the original pattern. The reinstatement of 
such experience in part or 77” toto, however much or little altered, 
is known as recall. When the process occurs under voluntary 
attention, guided by some purpose or end, it forms logical 
recall, but if it occurs merely according to the laws of associa- 
tion, without purpose and uncontrolled by any conscious princi- 
ple, it becomes empirical recall; for example, grouping the 
presidents of the United States according to their native states 
or according to political parties is logical recall, whereas recalling 
them in the time order of service and as learned is empirical 
recall. 

The conditions of recall are grounded on the physical integ- 
rity of the neurones and upon the strength of connections be- 
tween neurones formed under the laws of association. The 
direct means for using the effects of these laws are found in 
cues — sense perceptions, images, and ideas — while the more 
remote aids consist of purposes, attitudes, moods, and senti- 
ments (29: 366-368). 

For experimental purposes the failure to recall may be as- 
signed to one of two causes, forgetting and interference. An 
experience is forgotten when the cortical subsidence of the 
neural modification has gone beyond the possibility of normal 
reéxcitation. Although experimentation gives no evidence of 
the condition of the nerves in such a state, it does indicate the 
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presence and the rate at which the subsidence occurs, as may 
be seen in results similar to those upon which the laws of for- 
getting are based. Interference in recall arises from the nature 
and relative strengths of the bonds of association and from 
emotional effects produced either at the formation of the 
association or in the effort to recall. Concerning the former, 
the experiments given relate to three kinds: (1) retroactive 
(29: 882), (2) initial, and (8) effectual. They are usually de- 
scribed as inhibitions (88: 888). Emotional complexes and 
shocks as causes for preventing recall cannot be profitably 
studied in the laboratory. The more recent literature on the 
unconscious and psychoanalysis will introduce the student to 
this important and interesting subject (3: 260-262; 4: 208-243). 
Recognition marks the final phase in a full or completed 
memory ; it is the means whereby a recalled object is identified 
as to circumstances or as to the time and the place where it was 
first encountered. An adult American of high-school education 
doubtless recalls the name of the king of England during the 
American Revolution, but the chances are that he no longer 
recognizes the name. The average American forgets the par- 
ticular connections in which that bit of historical information 
was acquired and the name through frequent use has become an 
element of knowledge held in a system of general, rather than 
particular, relations (42: 270-279). To recognize George III as 
a name, a portion at least of the particular experiences incidental 
to learning it must be reéxcited as it is being recalled. Recog- 
nition is a learned response, and the art of recognition involves 
the use of the learned neural patterns just as they were used in 
the learning stage. The difference between recognition and 
recall memory consists in the fact that the former requires par- 
ticular identification of the object in subsequent presentations, 
whereas the latter requires only a reinstatement of the object. 
Images. The term “‘image,”’ like the term “‘feeling,’’ is used with 
several meanings but in the former term they are susceptible 
of fairly definite descriptions, about which there is general agree- 
ment. One of the earlier and common descriptions states that 
the images form a special class of conscious processes in distine- 
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tion from sensations, perceptions, thoughts, emotions, volitions, 
and so on. This usage has come to mean a centrally excited 
mental process which forms the essential counterpart of earlier 
perceptions and is often described as the consciousness of an 
object or of a quality not present and felt not to be present to 
the senses. A second and more restricted use of the term occurs 
in its designation of ““memory images.” Here it signifies discrete 
portions of past experience having a particular, personal, and 
familiar character. Pillsbury considers the memory image as a 
present consciousness of an old experience, with the knowledge 
that it is old (29: 255-258). Again, as a third meaning, it sig- 
nifies those alterations of the memory image that destroy cor- 
respondence with previous experience and give to it a novel 
character. Such processes are termed imaginative images. They 
may refer to the past, the present, or the future, but never to 
experience as it actually occurred. Finally, the term is used to 
designate all those conscious processes that persist even after 
the stimulus has been removed. They are termed after-images 
and sometimes primary memory. Closely allied to the imagery 
of primary memory are the images of the so-called “ persevera- 
tive tendency.” One may be quite ‘susceptible of the kinzesthetic 
imagery of this class; for example, while sitting in a chair after 
having ridden on a train for several hours there may suddenly 
appear a consciousness of the train motion. We are here con- 
cerned with the centrally aroused images embraced by the first 
three uses and shall consider their nature and kind and the 
distinctions between memory imagery and imaginative imagery. 

Nature. The nature of a centrally aroused image involves a 
number of variable characteristics, the more evident of which 
are vividness, stability, completeness, and plasticity (having 
three dimensions). The manner of appearing (whether spon- 
taneous or with effort), although not part of the nature of an 
image, is an additional aspect. It has been shown that these _ 
characteristics_do not necessarily vary together. An image 
may be incomplet e but vivid, or it may be flitting but unusually 
vivid. Thus the image of a certain college building for me is 
incomplete and flitting, but the portions left are vivid. The 
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meaning of these aspects appears only as one tries to arouse 

imagery of the several sense modes and introspect it with care. 

Thus the attempt to image a brilliant sunset, the breakfast 

table as first suggested by Sir Francis Galton, the sound of 

squeaking mice or of rolling thunder, the touch of velvet or of 
sandpaper, brings the several attributes of imagery into more 
or less prominence. 

Types of imagery. The number of different kinds of percep- 
tions of an object that one may experience equals the number of 
disparate sensations that the object may arouse (2: 165-166). 
Two principles, at least, serve to reduce the actual number of 
perceptions considerably below the possible number : (1) the 
purposes of life seldom require that an object excite all the sen- 
sations of which it is capable (for example, it may suffice that 
one receive only visual impressions from a fruit-stand, although 
several others are possible); (2) only a portion of the sense 
impressions aroused may enter into the perceptual processes, 
the rest, for several reasons, not being utilized and on that 
account becoming ineffectual. The principles that operate in 
limiting the sensation qualities in perceptions extend necessarily 
to images, giving rise to the dominance of one kind of imagery, 
—a kind formed at the partial or total exclusion of others. 

' Minds showing a preference for a particular kind of imagery 

are classified accordingly. These classes are visual, auditory, 

_ motor-tactual, gustatory, and thermal. Minds showing an 

equal preference for the first three types are classified as mixed 

_ types, which investigation proves to be by far the most preva- 

\lent class. In fact, a pure imaginal type having only one kind 
/ of imagery has yet to be found. 

The images thus far considered are partial copies of the per- 
ceptual processes and, as such, are termed copy images, or 
object images. In addition to these, there is formed, especially 
among the educated, a system of symbolic images or word 
images, through the constant use of oral and written characters 
representing the facts of science and of letters. The more usual 
form is the word image, which may appear as visual, auditory, 
motor, or mixed type. 
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Memory and imaginative powers. The differences between 
these two sorts of imagery are evident when viewed from the 
standpoint of their function (18: 240-243). Pillsbury observes 
that the memory image is always true but old, and the imagina- 
tive is false and new in reference to actual experience. The 
differences in their nature, however, are not so striking as one 
might infer considering their common origin and that they are 
found to be difficult of demonstration. But the fact that they 
perform separate functions and have a different reference 
furnishes grounds for presuming that they differ in some re- 
spects.. The functions of imagery in thought, action, and feeling 
are doubtless wider and of more consequence than current 
writers would seem to allow. A clear-cut purpose is aided by 
vivid imagery of ends and consequences; designs, patterns, 
mechanisms of machinery, are pictured before they are con- 
structed. Theories, hypotheses, and complex forms of social 
relations are indebted to vivid, stable, yet pliable imagery. 


EXPERIMENT 88. To make a Comparative Study of Reproduction, 
Recall, and Recognition of Common Objects, of Objects being used, 
and of Images of Objects aroused by their Names 


Note. Although this experiment is exacting in critical observation and 
in the consumption of time, the insight given to the major problems of 
memory justifies its performance. 


Material. Two groups of twelve common objects each (for ex- 
ample, thimble, eraser, gimlet, etc.); twelve names of common 
objects printed in large type on cardboard 4 in. by 12 in.; table at 
least 24in. by 36in.; black muslin for screen; stop watch or 
metronome; blank strips of paper, 2 in. by 8 in., for records. 

Procedure. Group 1. Common objects. a. The objects:are placed 
without order on the table and covered with muslin. At a signal 
“Ready” the cover is removed for nine seconds and the class ob- 
serves the objects. After the ninth second the objects are again 
screened and every subject counts aloud for twelve seconds, when, 
at the command ‘“‘ Write,” he records the names of the objects. As 
soon as he finishes, the record slip is turned over and indorsed with 
his name, the date, the kind of stimulus (in this instance ‘‘common 
objects’”’), and the nature of the response (in this case ‘‘reproduc- 
tion’’). The instructor takes charge of the records. 
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b. At the next class period S is required to recall and write on the 
record slips the names of the objects previously learned. S is granted 
sufficient time in which to make recall but is instructed to work 
briskly. The record slips are now properly indorsed and collected 
by the instructor. 

c. The instructor dictates to the class the names of the objects, in- 
terspersing, without comment, four new names of objects that have 
been added to Group 1, and then exposes the objects arranged on the 
table as in the first presentation. S observes the objects critically and 
writes ‘‘R”’ after the names of those that are recognized and ‘‘X”’ after 
those not recognized. S is instructed to assure himself that each 
perceived object is recognized (identified as one previously observed). 
The objects are again covered and S writes after each ‘“‘“R”’ the 
aids to recognition. The aids are variable, of course, and some 
appear to be beyond conscious detection. The record slips are now 
properly indorsed with name, date, stimulus, and response, and are 
collected. | 

Group 2. Objects and their uses. a. At the next class hour or lab- 
oratory period following the last work on Group 1, the instructor 
arranges the objects behind a screen on the table. At a signal 
“Ready,” having explained to the class the manner of presenting the 
objects, the instructor holds an object before the class and makes 
with it mimetic movements of its common use; for example, a hand 
lens is looked through, a pen makes writing movements, etc. Picking 
up, mimicking, and laying down the object should not consume, on 
the average, more than three seconds. After the exposure of the last 
object S counts aloud for twelve seconds, and at the command 
““Write’’ reproduces the names of the objects. The record slips are 
now properly indorsed, and are collected. 

b. The same time interval between parts a and 6 of Group 2 is 
observed as between similar work of Group 1. The record slips 
having been distributed, S is told to write the names of the objects 
whose uses were mimicked. S works briskly in making the recall. 
The record slips are now duly indorsed, and are collected. 

c. The instructor dictates to the class the names of the objects, 
interspersing, without comment, the names of a few objects that 
have been added to Group 2. The objects are then exposed, one at 
a time, without mimetic movements, and as they are exposed, S 
writes ‘““R”’ after the names of those objects recognized and ‘*X”’ 
after those that are unrecognized. Each subject, as far as possible, 
records the means of recognition in each instance. After the proper 
indorsements the instructor collects the records. 
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Group 3. Names of common objects. a. The same time interval that 
elapsed between the first exposures of the two groups of objects 
should be kept between Group 2 and Group 3 (common names). 
At a signal ‘‘Ready’’ the instructor says, ‘‘Image! a , at the 
same time holding up a card bearing the word whose image the 
subjects are to make, but not pronouncing it, and pausing two 
seconds with the card in view. The entire process for each card 
should not exceed five seconds. As soon as the last object is imaged, 
S counts as formerly, and at the command ‘“‘ Write”’ he records the 
names of the objects imaged. The record slips are indorsed according 
to conditions, and are collected. Questions are asked as to methods 
of reproduction. 

b. The time interval before recall in this case should be similar to 
the same intervals of Groups 1 and 2. The record slips having been 
distributed, S records on them the names of the common objects 
previously imaged. Energetic work is required. The records are 
duly indorsed, and are collected. S tells aids and methods used in 
recall. , 

c. Record slips are supplied the class. The instructor dictates 
the names of the imaged objects and adds four new names, without 
comment. S now goes over the list and writes ‘‘R”’ opposite the 
name of each object whose image is recognized as similar to the one 
formed of the object when its name was presented on the card and 
writes ‘*X”’ opposite the name of each object whose image is not 
recognized as having been formerly “‘imaged.’’ The record slips are 
indorsed, and are collected as usual. 

Results. Two or three members of the class now take charge of 
the nine classes of records. The teacher solicits from the class a 
further detailed account of reproduction, recall, and recognition of 
perceptions, perception-association (in this instance the object is 
associated with its use), and images, respectively. Arrange the 
results under two headings: ‘‘Subject’s Report”? and ‘Class 
Discussions.”’ 

Table XX XVII, on page 248, shows the chief quantitative rela- 
tions between reproduction, recall, and recognition, respectively. 

A class table consisting of average results should be worked out 
at the board and copied. Study Table XX XVIII, on page 249, with 
a view to answering the questions given under Discussion of results. 
Interpret the results of your class after they are tabulated, as well 
as your own, noting individual differences. 


1 Tf the term “image” is not understood by some, use ‘‘imagine”’ or “think of.”’ 
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TABLE XX XVII. COMPARISON OF REPRODUCTION, RECALL, 
AND RECOGNITION 


GROUP 2: OBJECTS | GROUP 3: IMAGES 
STIMULI AND NATURE Group 1: OBJECTS AND USES FROM NAMES 
OF REACTION 


Number | Per Cent | Number | Per Cent | Number | Per Cent 


Given’ oo oe 
Reproduced ..... 
Recalled ii.ich kaa 
Recognized .. 9)... | 


Discussion of results. Why is it necessary to interpolate some kind 
of action between the exposure of the stimulus and the required 
memory response? Why are the memory responses to objects 
associated with their uses higher than similar responses to objects 
or to images? (Reproduction, recall, and recognition taken together 
or separately are termed memory responses.) Why is recall uniformly 
lower than reproduction and recognition? What is the difference 
between the recognition of an object and the recognition of an 
image or an idea? Do you have repeated dreams? How do you 
know? What do you discover as aids to recognition? Do you ob- 
serve in yourself or others kineestheses serving as an aid? Give 
instances. Show by an example, either from your own experience or 
from the literature, that it is possible to recall without recognizing 
the image. Show similarly that it is possible to recognize objects and 
images without the responses of recall (false memories, memory 
illusions). Give examples of such from your knowledge or experience. 

Suggest some ways for improvement of recall based on the re- 
sults of this experiment. Is it possible to improve recognition? 
Justify your answer. What phase of memory is most susceptible of 
improvement ? 

Why is a principle in mathematics better cenemnared after one 
has solved many problems by means of it? If you can discover any 
bearing of attention upon recall in this experiment, point it out and 
see if you can derive a principle. What effect has familiarity of an 
object upon reproduction and recall? Give example. Give examples 
illustrating the difference in recall of reactions due to direct observ- 
ation (direct perception) and in recall of implicit reactions (imaged 
objects) aroused by suggestions or by oral or written language. 
Is memorizing doing physical work? Explain your answer. 


READINGS. 2: 169, 187-192; 9: 132-134; 29: 388- B91 30: 407-413; 
41: 87-90; 46: 368-375. 
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EXPERIMENT 89. To study the Effect of Intention on Recall 
(Two Students) 


Material. Two stanzas of six or eight lines taken from the same 
poem (the stanzas given here will answer, provided that they are 
not read before the experiment) ; cover cardboard 4 in. by 6 in. 
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Procedure. 1. Learning period. E places Stanza B, covered by 
cardboard, on a table in front of S. E gives special instructions as 
to how the learning is to be done: (1) Use the whole method in learn- 
ing each stanza (that is, read the entire stanza to the end without 
repeating any part); it is then covered again with cardboard and, 
after a pause of ten seconds, is reéxposed and read through a second 
time. The trials are repeated until S can repeat the stanza unaided 
by the text. A record is made of the number of trials. (2) Stanza B 
is to be learned for the mere purpose of reciting it to E, and S must 
not attempt to do this until he is sure of succeeding ; all necessity for 
retaining it ceases with the first complete recitation. 

Stanza A is now placed on the table and covered. S is told that 
the stanza is to be learned primarily for retaining it as a memory 
gem and only incidentally for reciting it to E. Otherwise observe the 
same method as in Stanza B. S recites the stanza to E as soon as 
learned and E records the number of trials. 

2. Test period. At the next class period S is asked to recite 
Stanza B. If an error occurs, the stanza is exposed and read through 
once, as in the learning period; if one trial does not suffice, another 
and another are made until the stanza is fully relearned. The number 
of trials for relearning is recorded. Stanza A is now recited, and if 
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errors occur, relearning trials are made as with Stanza B until it 
can be recited without error. 

Results. E may apply the saving method, as used in measuring 
the rate of forgetting, to determine the effect of intention. If 
Stanza B required eight readings in the learning period and three in 


the test period, the amount retained is assumed to be = 5, or 62 


per cent; and if Stanza A required nine readings for complete 


learning and four for relearning, the amount retained is > 7 or 55 


per cent; thus tending to show that the intention to learn the stanza 
permanently operated as an inhibition. Of course a direct comparison 
of the number of trials in relearning tends to show the same thing. 

Discussion of results. What difference, if any, did the intention 
make in memorizing Stanza A? Did it produce an inhibition or 
cause you to make a greater effort? If you are still able to repeat 
both stanzas, which one requires less effort? Are your results similar 
to those of other members of the class? Why does one remember so 
little of his newspaper reading? State the effect of intention on 
recall according to your own results. Devise and perform another 
experiment to demonstrate the same law. 

Inference. State the effect of intention on the amount of recall in 
your case. 

READINGS. 26: 165-166; 27: 102-104; 29: 866, 372-875; 39: 285-297; 
41: 92-94; 44: 75-88. 


EXPERIMENT 90. To study Recognition (Two Students) 


Note. This exercise has been adapted from Dunlap’s ‘Omitted Letter 
Test.”’ 


Material. Stop watch; two lists of ten words each. 

Each word should contain from eight to ten letters and be type- 
written correctly on one side of a visiting card.. On the other side 
the letters of the same word should be typewritten out of order 
and with one letter omitted; thus: first side, ‘‘promoted’”’; reverse 
side, ‘‘otmeprd.”’ The following words will serve as samples: 


First SIDE REVERSE SIDE FIRST SIDE REVERSE SIDE 
Periphery Rieyhepr Sardonic Nicoadr 
Hypnotic Nothipe Marginal Garlman 
Unwonted Downuet Sociable Losibec 
Improper - Pompire Decisive Sevicei 


Vaporous Uvosrop Pathetic Ithacep 
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Procedure. E is provided with a set of ten cards containing the 


words typewritten in the manner described. E first shows S the word © 


spelled correctly and requires him to pronounce it distinctly; then 
E reverses the card and at the same time starts the stop watch, and 
-S tries to find the missing letter. As soon as S detects the missing 
letter, he writes it on paper (if other students are not present S may 
name the missing letter orally). The watch is stopped as soon as S 
writes the letter. If S does not find the missing letter in one minute, 
the card is laid aside and E presents the correct word of the second 
card, S pronounces it, and then the misspelled word is presented. If 


S fails to identify the missing letter in one minute, the card is put | 


aside and the third word presented, and so on until the ten words 
have been shown. E now shows the cards with the unidentified 
letters a second time, first showing the correct word and then the 
incorrect, keeping the time as before. The cards are presented in the 
same time order, and if S fails to identify the missing letter in one 
minute, the card is put aside, and E continues with the next card, and 
so on until these cards have all been shown a second time. If any of 
the letters were unidentified in the second trial, a third is given, and 
so on until the ten missing letters have been correctly responded to. 
E andS now exchange places and proceed similarly with the second list. 

Results. Subject’s report. Tell how the correct word was retained 
while you were looking at the misspelled word and the methods used 
in discovering the missing letter. 

Experimenter’s report. The following headings may be used: 


OMITTED 


REMARKS 
LETTER 


TRIAL | TIME | CORRECT WORD | MISSPELLED WORD 


Discussion of results. Why was the recognition ideational? What 
distinctions may be made between ideational and perceptual recog- 
nition? Why did you keep rehearsing the correct word? Did you use 
memory or imagination in finding the letter? When the absent letter 
was recognized did it appear alone or in its proper place in the word? 
Did you at times doubt the correctness of the recognized letter? In 
such cases were the words familiar or strange? Is there any evidence 
showing that practice aided recognition? Does recognizing consist 
in perceiving an idea or an object in a recalled or observed situation 
that is specific. 

Inference. Give a definition of recognition. 


READINGS. 2: 188-192; 29: 387-397; 32: 248-250; 38: 407-418; 41: 
106-107. 
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EXPERIMENT 91. To study Methods of Memorizing: the Whole 
Method and the Part Method 


Material. Six stanzas of ‘“‘Three Years she grew in Sun and 
Shower’’; a sonnet from Wordsworth, and one from Keats. 
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Procedure. Each student is to learn a section by wholes and one by 
parts. The students work in pairs: S learns the first three stanzas of 
the poem by wholes and the last three by parts, the stanzas forming 
the parts; E learns the first sonnet by wholes and the second sonnet 
by parts, the first part of the sonnet being the first four lines, the 
second and third parts having five lines each. This allows S and E 
about the same number of words. The instructor allows twelve 
minutes for each memorization by wholes, keeping the time and giv- 
ing directions to begin and to stop. He allows four minutes for each 
of the sections. 

S is directed to make as many repetitions as he chooses in the time 
allotted. He may vocalize, but it must be done in the lowest tone 


MEMORY AND IMAGINATION 255 


possible. He may, in part of the repetitions, recite to himself, looking 
at the material when necessary. While studying the sections, he must 
have only the part being studied exposed. Two small pieces of card- 
board may be used to cover up the sections not being studied. The 
instructor may prefer to prepare his own material and hand it out 
as needed. S makes a signal to E at each repetition and E keeps a 
record of repetitions in all cases. 

The order of experimenting should be as follows: (1) S learns the 
first three'stanzas by wholes, spending twelve minutes; (2) S rests for 
three minutes, with the direction that he is not to think about the 
poem; (3) S recites to E in writing (when he goes wrong, E corrects 
him, and when he hesitates five seconds, E prompts him, recording 
the full time, by means of a clock or stop watch, and the number of 
promptings and corrections on the recitation sheets); (4) E learns 
by wholes the last three stanzas; (5) E waits three minutes; (6) E 
recites; (7)S learns by parts the first sonnet; (8)S waits three 
minutes; (9) S recites; (10) E learns by parts the second sonnet ; 
(11) E waits three minutes; (12) E recites. It will probably be nec- 
essary to postpone the part learning to the next laboratory period. 

Results. Each student will have three results for both whole-time 
and part-time memorizing: the time record, the number of errors, 
and the number of promptings. Value each error as half a prompting, 
add to the promptings, and consider the promptings as indicating 
relatively the amount of learning. Each student, comparing results 
by wholes and parts, should answer from his own records which 
method is better for him. 

Class results should be placed on the board, and the average time 
and the average number of promptings should be compared and a 
standard result obtained for the class. 

Discussion of results. When might learning by wholes prove uneco- 
nomical? Give examples (1) of your own use of one or both meth- 
ods; (2) where a combination of the two procedures may be used. 

Inference. Give a statement as to the comparative value of the 
two methods. 

READINGS. 1: 7-77; 9: 159-162; 17: 289-292; 26: 233-235, 335; 
41; 92-94. 


EXPERIMENT 92. To study Retroactive and Anteactive Inhibition 
(Two Students) 


Material. Two series, 1 a and 2a, of fourteen nonsense syllables 
each, typewritten on adding-machine paper 8 cm. wide with 3 cm. 
between successive words; two series, 1 b and 2 b, of twelve foreign 


o 
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words each, from some language unfamiliar to the class, typewritten 
on strips of paper in the manner of the syllables; small tachistoscope 
(see Fig. 17) ; metronome. 

Procedure. 1. E exposes nonsense syllables of Series 1 a for two! 
seconds at a time and allows three seconds to intervene between ex- 
posures, using the small tachistoscope. Greater accuracy will be 
secured if he counts, with the metronome, ‘‘one,”’ “‘two,”’ “‘three,”’ 
and at the end of the third count thinks ‘“‘expose”’ instead of 
counting ‘‘four,’’ and exposes the word, beginning over at the 
sixth beat ‘‘one,”’ “two,” ‘“‘three,’”’ ete. The exposures are repeated 
until S can recite the series aloud to E, the number of repetitions 
being recorded. 

S now relaxes for ten minutes in any way most agreeable to him (for 
example, reading humorous matter or looking at pleasing pictures). 
Series 1 5, foreign words, is then presented at the same rate as 
Series 1 a until it is learned. S recites to E. Care should be taken 
not to overlearn either series. 

At the next laboratory period S relearns Series 1 a, adhering to 
former conditions. E notes the number of times the series is exposed 
for complete learning. 

2. At the next laboratory period E presents Series 2 a in the same 
manner as la. S recites the syllables to E as soon as they are learned. 
E begins at once to expose Series 2 b, foreign words, without allowing 
S any relaxation whatever between learning the syllables and the 
words. S recites the words to E as soon as learned. Before relearning 
Series 2 a allow the same time interval to elapse as before relearning 
Series 1 a. 

The entire experiment, both part 1 and part 2, should be repeated 
at least once with new syllables and words. It is important that, as 
far as possible, the instructor conduct this experiment so as to keep 
the students ignorant of its purpose. - 

Results. Experimenter’s report. Give results in tabular form. 

A table is given here showing the results of two subjects who per- 
formed the experiment once. The entire experiment consumed 
four days. 

The percentage of syllables forgotten when an interval occurred 
for these subjects is 23.6, obtained from the following operation : 


2.25 (number of repetitions in relearning) x 100 


9.5 (number of repetitions in learning) = 23.6 per cent, 


whereas the percentage forgotten without an interval is 51.5 per cent. 


1Tf the exposure is actuated by a mechanical device, one second is sufficient. 
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TABLE XX XIX. EFFECTS OF RETROACTIVE AND ANTEACTIVE INHIBITION 


ON MEMORY 
SYLLABLES FOREIGN WORDS 
AVERAGE]|AVERAGE 
Day Repetitions in Repetitions in Repetitions in FOR FOR 
Learning Relearning Learning SYLLA- | FOREIGN 
BLES | WORDS 
Subject 1| Subject 2| Subject 1| Subject 2| Subject 1| Subject 2 
Be gehen Site's 10.0 (la) 9.0 7.0 6.0 9.5 6.5 
Pee PAGD | soy 225(1a) 2.0 2200 
3 he arama Mer 8.5 (2a) 8.0 11.0 8.5 8.25 9.75 
BAe aa tase LVRS |; 4.5 (2a) 4.0 4.25 


Discussion of results. Compare the number of repetitions in re- 
learning Series 1a with number in relearning Series 2a. What 
different condition in part 2 might affect memory for Series 2 a when 
recalled? Show from this the meaning of retroactive inhibition. 

Compare the number of repetitions in learning Series 1 6 and 
Series 2b. What condition in part 2 might affect the learning in 
Series 2 b that is not present in Series 1b? From this explain ante- 
active inhibition. 

The student should compare his results with those found in the 
table. Are any results of practice shown? Explain. Can you explain 
why the second group of foreign words took longer than the first 
group? Is there any reason why there was less improvement in re- 
learning Series 2 a than in relearning Series 2 6? 

Inference. Formulate this law of inhibition. 


READINGS. 29: 382; 34: 1-59; 38: 387-388; 40: 47-50; 41: 101. 


EXPERIMENT 938. To study Associative Inhibition 


A. Meaningful Words: Books and their Authors. 

Material. A list of twelve well-known books with their authors 
(as Paradise Lost, Milton); a list of twelve well-known books, 
different from those in the first list, with false authors, using the 
same twelve authors as in the first list (as Vanity Fair, Milton) ; 
chronoscope. 

Procedure. E first reads the list of works to see if S knows the 
authors. If unfamiliar ones are found, E substitutes for them works 
and authors well known to S. E now makes a determination with the 
chronoscope (preferably Sanford’s chronoscope) of S’s reaction time 
to the list, S responding with the author when the work is given. 
E hands to S the second list, consisting of the familiar authors and 
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false works, and S proceeds to memorize them in any way most 
natural to him. He must obtain a complete mastery of the material, 
and must not report to E until he is certain that he has formed such 
a strong association bond between the author and the false work that 
he can recite to himself the entire list in order or with the items inter- 
changed. When S is ready, E takes his reaction time to the false 
works and authors with the same procedure as in the first list, except 
that the order is not the same. This finishes part A. Part B is not 
’ begun until the next period. 

Results. Subject’s report. S reports any inhibitions. He compares 
the reaction times for each author in the first list and in the second 
list for the purpose of finding whether any difference in time can be 
accounted for by a difference in his familiarity with the original 
author and work. 

Experimenter’s report. Tabulate results in the following form: 


TABLE XL. COMPARISON OF REACTION TIMES FOR LISTS OF WELL-KNOWN 
AUTHORS WITH REAL WORKS AND WITH FALSE WORKS 


REACTION TIME FOR | REACTION TIME FOR 


AUTHOR’S NAME 
REAL WORK FALSE WORK 


Discussion of results. If there is a uniformity of difference in 
reaction time, which is greater the reaction time of the true works and 
the authors or that of the false works? If there is no uniformity, 
study each case, or similar cases, and account, if possible, for the 
difference, taking into consideration possible interference. If there 
are degrees of familiarity, did you find most interference in cases 
where the work was best known (strongest bond of association), 
or least known, or in an intermediate case, if such apparently 
exists ? ) 

B. Meaningless Words: Nonsense Syllables. 

Material. In order to study the principle of associative bonds more 
fully, with more controllable material, we use nonsense syllables in 
three series. Series I, II, and III each consists of two sets of pairs of 
syllables, the first members of which are the same in both sets; that 
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is, in the series twelve syllables are paired (1) with twelve for learn- 
ing, and (2) with twelve different ones for testzng. A tachistoscope 
and a chronoscope are needed. 

Procedure. Series I is the well-known series. E exposes the pairs 
of the learning set in the tachistoscope at a regular rate and continues 
the process until S can recite the pairs to him perfectly, forward and 
backward, forming strong associative bonds. The second set, the fest 
set, is learned to such a degree that S can recite it forward. The 
second sets of the two remaining series and the first set of Series IT 
are also learned so that they can be recited forward, forming medium 
associative bonds. The first part, the learning set, of Series III is 
learned slightly so that the subject is able to anticipate the associate 
when the antecedent of the pair is presented. When the learning is 
finished in each series, reaction times are taken by having S respond 
with the second syllable of a pair when E presents the first. This 
method gives a means of comparing with a standard (medium learn- 
ing) a series thoroughly learned, one learned to a medium extent, and 
one slightly learned. Since the antecedents are the same in the two 
pairs of the same series, this furnishes a measure of the amount of in- 
hibition aroused by previous associations with a syllable when the as- 
sociative bonds are strong, medium, and weak, respectively. As the 
control of the degree of learning the different sets of the several series 
is obviously essential to the success of the experiment, the number 
of repetitions required to thoroughly master Set 1 (learning set) of 
Series I may well be used as an index to the probable number of repe- 
titions required for sets to be less thoroughly learned. An arbitrary 
number of repetitions for the different degrees of mastery cannot be 
assigned, owing to individual differences in learning by rote. As a 
precaution it is suggested that the test sets throughout be repeated 
half the number of times of Set 1 of Series I before S tries to recite the 
set forward, and that Set 1 of Series III be repeated one fourth or one 
third as many times before reciting. 

Results. It is desirable that the facts of this experiment be kept as 
objective as possible, and for that reason the subject’s report is 
not taken. 

Experimenter’s report. Tabulate results asin Table XLI. 

The table shows the number of repetitions necessary in each kind 
of learning, the associative reaction time for each of the seventy-two 
pairs, and the inhibition caused in Set 2 by the new association. This 
is found by subtracting the reaction times of Set 2 from those of 
Set 1 and may be either plus or minus. 

Where is the greatest inhibition found? 
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TABLE XLI. REACTION TIME IN ASSOCIATIVE INHIBITION IN LEARNING 
PAIRED ASSOCIATES 


SERIES I SERIES IT SERIES IIT 
Number of Repetitions | Number of Repetitions | Number of Repetitions 
NUMBER OF 
PAIR PER SET ANS Fy - 
. Set 1, eee Differ- Set 1, ele Differ- Set 1, ie Differ- 
Complete ay ence Medium aah ence Slight nt ence 
Pode Medium ey Gea Medium be apa ee Dearne Medium Lope 
COPMiNd T earning Litaa | Learning : | Learning 
Vat Mia ae ania 
2S wh See 
ey eee Ye see 
Oe Auk iso onew 
Average ‘ 


reaction time 


A class table should be made, showing, opposite each student’s 
name, the number of repetitions necessary to learn the well-known 
series and the average amount of inhibition in each of the three 
series. This table should be studied (1) to show individual differ- 
ences in rote memory; (2) to show individual differences in inhibi- 
tion; (8) to obtain a standard for the class in both cases. 

Discussion of results. Show how the results correspond with 
Miller and Schumann’s law of associative inhibition. Are there 
exceptions? Explain them. Explain, from studying your results, the 
truth of Pope’s familiar line, ‘‘A little learning is a dangerous 
thing.’”’ Give three common examples of associative inhibition. 

Inference. In a short statement give as inference the truths illus- 
trated above concerning the law of associative inhibition, and then 
state the law. 


READINGS. 20: 297-299; 29: 379-380; 88: 388-389. 


EXPERIMENT 94. To study the Memory Span (Class Experiment) 


Material. 1. Digits. Four series of twelve each: 


T6G89LVE6S98 “F 
SSVILELVSSEG “E 
“CV86LE8VLEG9 °% 
C9S6C8P9CLEP T 
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2. Words. Four series of twelve each (disintegrated syllables) : 


dey do. 4eq un} 
Aep JOU ue} you 
xOq dey unq It} 
des Rit) und youl 
ueul ied jou Aoq 
yor yod und 403 
Mod Jeu youl MOO 
deu JIS ueo 7ey 
ueq 4OL 90s sop 
qid MOY ou} yeur 
MOA qed 10M uel 
qn} ug. 40} yeo 


3. Integrated syllables. a. Concrete sentence (sixty-four syllables) : 

‘ojl] MoU JO BulTIVejuN ostwoid ‘uIeI ‘aleyy pue 

oJeY SUI] OY} SUIYVIIG S9eI} 94} ‘SaZBUT OUT] 944 SUIPVeIY} USTIOM puUe Us 

‘ueAvey pues Yyve UseMjoqd Soul] Avis “0013S ay} UO UTel ‘SshkeMe BULYOT} 
‘BULYOI} YOO[D plo ue ay] ‘suT[[ey ‘A[snonurjuos ‘ATZJOS ‘Joo. ay} UO UTeYy 


b. Abstract sentence (sixty-four syllables) : “UoIBIyaI 


UOWUIOD B JO SUIIO} Ul SJOUIASUI [241A S,a[doed ay} 03 [eedde uvo usurse}e4s 
ey} [qUn eqissodul oq [[IM pue a[qesuedsipul st yuesuoa sejndod pepnjep 
-Uf) “por jo Ajo qoojJ10ed ay} 0} SUOT}VU apIn3 4OU [IM dDUBJOYIpUl yng 


4, Ideas. a. Concrete sentence (seventy-six words) : 


| ‘Addey A[,ueututgeid oq ysnur ay | ‘Jap1o0 yoojied 4ysour oy} UI | WHY 
UI SUIPISeI SNIUes oY} SuIAvY pu | ‘JaMOod OULAIP 94} | SULAJeS JaAO SI OY 
se | ‘[eq1ouuul [je eq | ‘AzeqIoUUMT SuIUIezye Jo | ajqedeo st oinzeu UeUINY 
se rej se | Aqzissaoou jo ysnu | ‘YynNI4 uTeQe oy JI | ‘URW eB Jo | SsUIy} OUTAIP 
pue | [eJ1OUIWI oY} a18 asay} yey} | yUIyA 04 | poures Useq sey pue | WopsIM 
oni} pue | aspeyMouy jo sAC] 9y} UI | 4ySoUIve Useq Sey OY4M oy yng 


b. Abstract sentence (sixty-eight words) : 
| -4yusIIe Weep [[eys noJ | ‘asay} ueyy 
| [INJIjnveq s1OUL [[I4S pue | “QUeJEYIp SUIYJEWIOS SI poos ayy yey} | Weep noA 
uay | ‘[njJIynveq Os are | ‘YInI) pues aspe;mouy | ‘oM} eSey} Jo YIOq se puy 
| -souestjeyur AQ UMOUY SuIeq se | ‘y{NIZ Jo pue | espe;mouy Jo aesneo 
ay} SuIeq | poos jo vapl ayy [[eo Aew nod | ‘smouy oyM wIY 07 | Jomod oy} 
yyosuodsip pue | ‘UMOUY SI ey 07 | YINIZ YYSATS YOIYAM | d1OJo1ey} “yeu, 


Procedure. The instructor distributes slips of paper of uniform 
size, and the students are instructed in the audito-voco method. In 
this method, as the subject hears each unit of material read, he re- 
peats it aloud. This method is used for all material except the ideas, 
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which are written by the subjects after hearing the paragraph read 
once. In all cases, at the end of the presentation of a series, the 
instructor says ‘‘Count”’ and the subjects, together with the instruc- 
tor, count ten, beginning, at a signal from him at the end, to repro- 
duce the material on the slips. Since the metronome is a distraction 
and great care should be taken to avoid sources of distraction, some 
other timer may be used, as a clock with second hand or a large 
pendulum. The instructor should keep the time uniform, giving 
about half a second to each unit, except the ideas. As much time 
as desired is given for recall. When the students have their recalls 
completed, the instructor writes the material on the board, and the 
students check the number recalled correctly. The span in each case 
is the best record made in a series. 

Results. Subject’s report. Give inhibitions, etc. 

Experimenter’s report. The results may be given asin Table XLII. 
Every omission is scored as one error; every displacement by one or 
two places is scored as half an error, a displacement by three or more 
places as one error. The errorsare subtracted from the number correct. 

The class results may be worked out in an array, and the median, 
mode, and average found. 

Discussion of results. Why was counting interpolated before the 
reproduction? Give definition of memory span for digits. How does 
the memory span differ from the span of attention? Compare the 
span found here with that given in standard texts. Considering the 
spans of the group, what do you conclude as to individual differ- 
ences in memory span? Does memory span improve with practice? 
How does memory span differ with different materials? Give some 
factors (in your own case) which affect the memory span. Is there 
any correlation between memory span and intelligence score? What 
aids to memory were noted? Give practical examples of conditions 
involving memory span. 

Inference. State (1) the number of discrete objects in the memory 
span, (2) effect of kind of material on span. 


READINGS. 6: 229-258; 16: 393-403 ; 26: 141-146; 41: 139-142; 45: 150— 
AN 


EXPERIMENT 95. To study Individual Differences in Free 
and Active Imagination 


Material. Five numbered cards containing ink blots. These may 
be made of a convenient size to use in a class experiment by dropping 
ink with a pipette on a sheet of absorbent paper, folding it through 
the center and mounting on cardboard. 
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TABLE XLII. Mrmory SPAN 


I. DIGITS 

SERIES NUMBER SHOWN |NUMBER RECORDED SCORE 
IS) ght tae We ee 
71h Ae BON BE St ED Lig RT te Aca 
eae ee Re ie Weg 
7A Se Seip aa aR tL A EO cece 

II. DISCRETE SYLLABLES 

SERIES NUMBER SHOWN |NUMBER RECORDED SCORE 
11S RRO ME ek | Sin ae eves 
MR Naor? OP oie NO a ee 
Ee eS kOe ok hk 
7aL OL ea tees a ed me aS ey 


Ill. SYLLABLES IN SENTENCES 


NUMBER GIVEN |NUMBER RECORDED SCORE 
Wecconerete (2 fo Se hor 
PAENDSITACt ) 2s he 
IV. IDEAS 


NUMBER GIVEN |NUMBER RECORDED SCORE 


ene ONeLOLOW the rts, a) 
CAA DSCRAC Grad a ett ae 


Procedure. Students are arranged in amphitheater style. They 
are told that an ink blot is to be shown for three minutes and that 
during that time they are actively to use the imagination and to 
write down, on blanks numbered to correspond to the blot numbers, 
the pictures they can see in the blots, just as they have made objects 
out of cloud formations. The instructor gives the signal to start and, 
after three minutes, the signal to stop, and the students write down 
lists as directed. : 

Results. The students go to the blackboard and write their lists 
for the five blots, writing at the end the number of objects in all. 
The time it takes to imagine one object is found by dividing the 
total time, 900 seconds, by the number of objects. The individual 
rates are compared and the median and average found. The highest 
and the lowest rate are noted. Several students are detailed to note 
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the objects that are common and the times they are repeated, also 
the number of different objects. 

A frequency table is here given, showing the number of objects 
found in the five blots by thirty-two persons in the five three-minute 
periods. A similar one should be worked out by the class as the 
experimental work is completed. 


TABLE XLIII. FREQUENCIES FOR TOTAL NUMBER OF OBJECTS IN FREE 


IMAGINATION IN NINE HUNDRED SECONDS 


NuMBER oF Stupents | TOTAL NUMBER || NuMBER or Srupents | LOTAL NUMBER 

OF OBJECTS OF OBJECTS 
7A tm Wale Bn ay tear Sa ae 21 PA an Ney tices SoS SA ies 46 
ESM ots. Ae Vite eRe fee 26 ARSE TTA. HE rE Ue AN Cl 47 
Vet TO RY RU A 28 BPA Reale WERT UP PEE 48 
tle RMON TN Pe VAN ae 30 fhe MANS Sth ah ante hc ees 49 
UN) reed Rielin te  n a ah DRS TRO a 0 eae 50 
1 ye NG opel ote a a 34 OR RUD eto whe te ecailas 51 
Fey. \ ited Gist Ere Tie, Sas Tae 36 Die a st RM MO rah 54 
Thy SAO he a B37 Daas ad as eee 59 
FLOR pony aren | tl ay 5 Bal 38 Dots 3 Res aie str copie Pa Rms cer 66 
te Lee eae eae 43 Lh a bean aE oe Onan C Stee 67 
Ut Oath) cd Nem en 44 APRA SCRA Dr shel es 69 
IR Te Re ei as Late 45 


The frequency table is arranged in an array. The scores (in this 
case the number of objects perceived in the five blots) are written in 
a column, and opposite each score is written its frequency (the num- 
ber of times it occurs). In this table the step is one unit; often it is 
convenient to group by more than one. 

Classify the objects you mentioned as to origin, — as due to hered- 


ity, education, occupation, or some special environment, and tell. 


which class appeared most frequently. 
What evidence do you find in your imaginal responses of visual, 


auditory, or motor ideas? Is there any indication of a dominant — 


type? 

Discussion of results. These questions should suggest the general 
trend of discussion. The discussion of the table in class should bring 
out clearly individual differences in the amount of imagination, and 
reference to the list should be stressed as indicating the kind or type. 

Inference. Show how free imagination reveals individuality. 


READINGS. 2: 162-170; 5: 187-204; 11: 188-190; 38: 354, 371-378; 
45: 254-264. 
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EXPERIMENT 96. To study Individual Differences in Controlled 
Imagination (Class Experiment) 


Material. Sheets of paper having at the top six letters (three con- 
sonants and three vowels); stop watch. 

This experiment has been standardized and material arranged for it. 

Procedure. The instructor first explains the method, writing on 
the board the letters (for example, a ui prt), from which the students 
make words. The sheets of paper, blank side up, are distributed to 
all students. At the signal ‘‘ Ready, go’”’ each student turns over his 
sheet and writes under the letters as many words as he can in five 
minutes, using the letters given. The instructor times with the stop 
watch and all stop at the signal. The instructor now writes on the 
board the list of permissible words, and the students grade their 
work on a basis of 1 for each word. 

Cautions. Words of one letter are allowed. Proper names may be 
used, but must begin with a capital letter. No letter may be used 
more than once in the same word. Obsolete and foreign words are 
not credited. 

Results. Subject’s report. State plan or method used in forming 
words. 

Experimenter’s report. A table is arranged for a frequency- 
distribution curve for class results, and the range, average, mode, 
and median are found. 


TABLE XLIV. FREQUENCY, — THE NUMBER OF WORDS BUILT IN 
THREE MINUTES 


SCORE FREQUENCY SCORE FREQUENCY 
DS; oa Cee i ZO Pee ea ak PSO ee 4 
IAPR 2 chew) Ra ke % 2 AS eR MB ok Tae Sa? Se 3 
| | See hE 0 ARM TRO ser aiyhte Fh cl tne oe 2 
Gh sa lp eee a RSE ib 2A ah Ua RR or 1 
sf Gai iain Wet aes iz DORM O Rama te eho. ad eae 0 
ho a maea eg HS ont | ella Uo eRe 4 rent tammy t OME ce 0 
iN DAPI Yad Sy ad) Ue aa if ral FURL SOs aon A Sa 2 
7A OE PANN aF AT 9 hel nia 4 J ae LVS SIR See ea 4 
A Cr eid S Pelee, cl a7. oy iota ie 3 BY SORTA Ge agen Oa Ree 0 
vt eal NN ahead een ELS) Bo 5 De wae a ee sh 0 
ALAS AOE RRA eee gest 3 8 0 9 SF POINT Fit Sy bales yet 0 
AMT  Saete’ eh pie Wee 5 Se VR aly ta a ek We hace lees 1 
(245) a a aR ae ee a Ay 7 yee aks) aA ARS GMs Cate 1 
Total, 62 


Average score, 23.8 
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From this table a frequency curve is plotted. In the frequency 
curve the ordinates are the frequencies, the scores being abscissas. 

Discussion of results. Are all members of the class equally familiar 
with the material? Does this experiment show native or acquired 
traits? Discuss this point, explaining what native and acquired 
factors are concerned. Discuss what is shown by the curve. Give 
examples of the use of controlled imagination. 

Give the types of imaginative reaction used in planning a steel 
bridge; in writing Paradise Lost, Kubla Khan, David Copperfield; in 
daydreaming ; in designing a dress; in making an original cake or pie; 
in designing wall paper; in planning a home; in laying out a garden. 

Explain the origin of the imaginary playmates common among 
children. Give examples of imagination in children’s stories. Is it 
free or controlled? 

Inference. Give an inference showing the nature of free and of 
controlled imagination. 


READINGS. 30: 22-24, 94-95, 104; 35: 307-373; 45: 274-282; 47: 483- 
485. 


EXPERIMENT 97. To study Constructive Imagination (Two Students) 


Material. Stop watch or clock with second hand; cork half an 
inch long; two series of words of two sets each, and each set 
composed of nine words arranged in groups of three, as follows: 


SERIES I 


Set 1. a. pleasure, theater, people 
b. wealth, miser, friends 
c. plants, root, ground 
Set 2. a. newspaper, fire, city 
b. success, books, information 
c. poverty, spendthrift, fortune 


SERIES IT 
Set 1. a. water, fish, animal 
b. business, invention, machine 
c. forest, gun, hunter 
Set 2. a. cloud, light, moon 
b. hay, horse, barn 
c. house, brick, mortar 


Procedure. EK pronounces the three words of group a, Set 1, 
Series I, and requires S to make up a sentence that will have all three 
words in it. The watch, or count, starts just as E finishes pronounc- 
ing the third word and is stopped as soon as S completes a proper 
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sentence. S writes the sentence, which must be a simple one. A 
second trial is not permitted, and there is no set time. E proceeds 
similarly with the other two groups. The procedure of Set 2 is 
similar to that of Set 1, except that S holds a cork between his 
front teeth while constructing the sentence. E and S now exchange 
places and use the words of Series II, including both sets. 

Results. Subject’s report. Give an account of the means and 
methods used in building the sentences; aids and hindrances; re- 
lation between time in building and familiarity with the words. 

Experimenter’s report. Give the sentences and time in seconds for 
constructing each. 

Discussion of results. Why was S required to use the cork in 
making sentences of words in Set 2? Would tying the left hand 
or tying the feet together have made any difference? Did you 
make use of recall? What part of speech ‘seemed most difficult 
and yet most important? 

The factors of control and purpose enter into constructive im- 
agination. How are these factors shown in this experiment? Give 
five examples from everyday life of the use of constructive imagination. 

This experiment, under prescribed conditions, has been widely used 
to test intelligence. What aspects of intelligence do you think it tests? 


READINGS. 23: 119, 173; 25: 143; 36: 245-248. 


EXPERIMENT 98. To determine Imaginal Types of Reaction 
(Two Students) 

A. Verbal Methods. 

The nature of centrally aroused imagery is difficult to determine, 
and as yet no standard tests have been well established. The follow- 
ing exercises are intended to acquaint the student with some of the 
elementary methods employed. 


PRELIMINARY EXPERIMENT 


Material. Several lists of words; nonsense figures. Details of the 
material will be given as needed. 

Procedure. 1. Write a detailed account of the imagery used in the 
following activities: (1) preparing a lesson for recitation; (2) solving 
‘problems of arithmetic; (8) imagining scenes and events from oral 
or written description; (4) oral or written spelling. 

2. Give the type of imagery in which you recall the following 
activities: (1) writing; (2) singing; (3) reading; (4) typewriting ; 
(5) lacing and tying your shoe; (6) relating a story. 
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3. Indicate the dominant type of imagery that the following con- 
ditions are likely to arouse in your own mind: (1) trying to recall a 
familiar friend; (2) recalling a play at the opera; (8) describing or 
sketching or painting a scene from memory; (4) silent reading; 
(5) recalling a fruit-stand. 

4, (1) Write a list of words whose objects are characterized by 
color. (2) Write a list of words whose objects are characterized by 
sound. Allow the subject four minutes by the stop watch to write 
each list. Separate the words of each list into the following classes: 
pure visuals, V.; pure auditory, A.; pure vocal, Voc.; mixed, 
A. + Voce. + V.; miscellaneous words for which no imagery can be 
assigned, Misc. Then determine the percentage of each class. 

Results. Subject’s report. Summarize your imagery under the fol- 
lowing heads: studying, speech-motor memory, mixed. 


EXPERIMENT 


1. Spelling Tests (a comparison of the results of a number of 
students increases the value). 

a. Spelling backwards: oral and written. 

Material. Stop watch; list of forty-five polysyllabic words com- 
posed of nine to twelve letters each and of moderate difficulty. 

Procedure. First ascertain S’s normal rate of spelling by using 
five words of the list. E then pronounces the word and starts the 
watch at the same time. S spells the word backward orally and pro- 
nounces it; the watch is stopped as S pronounces the word. Con- 
tinue this way for the first twenty words. Proceed similarly with the 
next twenty, except that S writes the letters of the words from the end 
to the beginning; the watch is started with the writing of the final 
letter and stopped at the finishing of the first. 

Results. Construct two tables, one for the oral results and the 
other for the written results. The tables should show what words 
were spelled correctly and what ones incorrectly, the time required 
for spelling each word, the average time, M. V., and total errors 
for each subject. 

Compare the dominant type of imagery used here with that re- 
ported in the preliminary experiment by each subject. Look for 
correlations between (1) the number of errors and kinds of imagery 
used in spelling, and (2) the rate of spelling and the kinds of 
imagery. 

Which form of the backward apeline proved easier, the oral or 
written? Why? 
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b. Pronouncing tests: (1) To determine the time for normal pro- 
nouncing. 

Material. Stop watch; ten polysyllabic words of not more than 
ten letters. 

Procedure. E gives the word to 8, letter by letter, in the normal 
order, at the rate of one letter per second. The time between giving 
the last letter of the word and the pronunciation of the word by the 
subject is measured by the stop watch and may be termed the pro- 
nouncing time. 

Results. Subject’s report. S tells with critical introspection, after 
pronouncing the list, the method used to hold letters and pronounce 
words. 

Experimenter’s report. E records, in tabular form, the pronounced 
words and reaction time for each. 

(2) To determine time of pronouncing words spelled backward. 

Material. Stop watch; two series of words of twenty each. The 
words should be polysyllables, somewhat unusual, and composed 
of nine to twelve letters. 

Procedure. E gives the first series of words, letter by letter, in the 
reversed order, at the rate of one letter per second. E starts the stop 
watch as he begins the word and regulates the rate of spelling by ob- 
serving the watch. This part of the procedure requires some prelim- 
inary practice before the series proper is begun. After the spelling 
is finished, the watch is allowed to run until the word is pronounced 
by S. The rate of the pronouncing time is determined as for normal 
pronouncing. Should S fail to recognize the word at the first spell- 
ing, repeat it as often as necessary for recognition, and keep a record 
of the number of repetitions. 

The second series differs from the first only in the fact that the 
letters are given at the rate of two per second. 

Results. Subject’s report. This should consist of an oral report 
given often by S to E, who records it with the reaction time. 

Experimenter’s report. Arrange separately the results of the two 
series of (2). Find the average rate of pronouncing a word and 
arrange the subjects of the class according to their average rates. 
Determine also the number of words pronounced after one, two, 
or three spellings, respectively ; then list the subjects according to 
the number of words pronounced with one spelling. Study the sub- 
jects’ reports to ascertain the variety of methods or devices used to 
pronounce the words. 

Discussion of results. Do you discover any correlation between the 
methods and imagery used and the ‘*‘ pronouncing time’’? 
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Is there any correlation between methods and imagery, on the one 
hand, and the number of spellings necessary for pronunciation, on 
the other? Do these correlations reveal to any extent the nature of 
the subject’s imaginal type? 

What is the relation between spelling and the visual type of im- 
agery in your case? 

2. Memory Tests. 

a. The method of number squares and of letter squares. 

Material. Three white cards 2in. by 2in., each having three 
numbers composed of Roman and Arabic numerals arranged accord- 
ing to the order given below; three blank cards for reproduction ; 
metronome or stop watch. 


7 VI 8 
xX 4 Vv 
3 6 IV 


Procedure. Expose acard at a time toS for ten seconds, during which 
time he tries to memorize the numbers in their order. At the end of 
ten seconds, S counts ten at the rate of one per second and then repro- 
duces the figures in the right order by writing them on the blank cards. 

Results. Subject’s report. It is assumed that these cards appeal 
strongly to visual imagery and that success in memorizing them 
indicates the use and presence of that type. But the subject’s report 
may show the presence and use of auditory and motor imagery as 
well. To determine the value of each type of imagery when present, 
use the following arbitrary scale: all figures reported by S as repro- 
duced by a pure memory image (V. or Voc. or A.) are to count 1; all 
figures given as reproduced by double memories (V. + A. or V. + Voc.) 
are to count half for each partial memory concerned; and all figures 
reproduced by triple memories, mixed (V.+ A.+ Voc.), are to count 
a third for each partial memory. In addition to this qualitative 
scale, a second (quantitative) scale! is devised to measure the 
amount of the entire reproduction: here a figure correctly placed 
counts 1; a figure correctly recalled but misplaced counts 3; a 
figure substituted counts 4; and an omitted figure counts 0. 

To illustrate let 

7 VI 8 

x 4 V 

3 6 LV 
be the given square and 


1 Method adapted from Titchener’s Experimental Psychology: Instructor’s Manual, 
p. 397. By permission of The Macmillan Company. 


MEMORY AND IMAGINATION 271 


iq xX 8 
4 IV 
3 6 V 


be the square reproduced. 

The subject’s report gives the first and third lines as visual im- 
agery, the second as auditory and vocal imagery. The relative values 
of the imaginal types as shown in these results have been computed 
by using the arbitrary numerical values. The arithmetic operations 
may be seen by inspecting the ‘“‘total values” in Table XLV. 


TABLE XLV. COMPARATIVE NUMERICAL VALUES OF IMAGINAL TYPES 


TOTAL VALUES 
LINE IMAGERY Ricut | MIs-_ | Sussti- 
PLACED | TUTED |OMITTED 


Value by Imagery 


A aie V 2 1 Be 0/36. 


: = 20/36 
CS RS en Aaa A. -+ Voe. if 1 —— 6/36 A. = 3/36 
oe ett, oe Se a Vs 2 1 —— | —— -/10/36 Voc. = 3/36 


. Summary. V.: A.: Voc.::20:3:3. Memory = 26/36. 


b. Words pronounced alike but spelled differently. 

Material. Three blank cards; three series of words pronounced 
alike but spelled differently. Each series consists of nine words and 
is arranged on a separate white card, thus: 


bare tale piece 
peace bear right 
write ‘rite tail 


Procedure. Expose the stimulus card ten seconds, after which the 
subject counts ten at the rate of one per second and then reproduces 
- the words on the blank card in the order given on the stimulus card 
and makes a report of the imagery involved. 

Results. Use the same method as in the number squares for deter- 
mining the qualitative and quantitative values of the imagery in- 
volved. It is not likely that substitutions will occur in this case. 

c. Words spelled alike but pronounced differently. 

Material. Three series of nine words each. There are only five 
different words in a series as to spelling, but four of the five are 
pronounced in two different ways; for example: 

read slough tear 
wind haul wind 
tear read slough 
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Procedure. E pronounces the series twice at the rate of one per 
second. At the close of the second pronunciation S reproduces the 
words orally in the order presented and reports on the imagery 
involved. 

Results. Measure the accuracy of the reproduction as in the two 
former exercises. Study the results for correlations between the 
amount of the reproduction and the kind of imagery involved. 

Compare, if possible, in a similar way the results of at least ten 
individuals. 

Are the results of exercises a, 6, and ¢ consistent for each indi- 
vidual? What type of imagery was aroused by the material of 
exercise c? 

3. Motor Tests. 

a. Passive method. 

Material. Four nonsense figures, each composed of six lines, some 
curved and some straight, joined end to end but not forming a closed 
figure. 

Procedure. S, with closed eyes, pencil in hand, is seated at a table 
as for writing. E guides S’s hand over the figure twice in a uniform 
and continuous fashion. The tracing at the start and the finish 
should be well marked in order that the movements of the figure 
may appear as a compact whole. The subject immediately tries to 
reproduce the figure on a blank sheet, with eyes closed. 

Results. Assign to each of the lines of the original figure a value 
of 83 per cent (that is, 50 per cent for the six lines) and to each of the 
five angles a value of 10 per cent (that is, 50 per cent for the five 
angles). Then the value of the reproduced line is to the value of the 
original line as the length of the reproduced line is to that of the 
original. Thus, if an original line is 3.75 in. and the reproduced is 


3.125 in., then the value of the latter in terms of the assigned value is 


x: 83% 3:13:39, or 7%, approximately. 


The degree of accuracy of the reproduced angle is similarly deter- 
mined. In the event that a reproduced line exceeds the original line, 
determine the percentage of the excess to the original line and de- 
duct it from the assigned value; the remainder is a measure of the 
accuracy of reproduction. 

b. Active method. 

Material. Four series of simple patterns composed of six lines cut 
from cardboard; pencil; sixteen sheets of paper about 6 in. by 8 in. 


Procedure. Here the method is active, whereas in a it was — 
passive. S, with eyes closed, traces a pattern from beginning to end 
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by running a pencil in the groove of the card. The movement should 
be uniform and continuous throughout the tracing. Repeat the 
tracing once. S then reproduces the pattern, with eyes closed, first 
in the same position as originally traced, then as turned clockwise 
through 90, 180, and 270 degrees, respectively. 

Results. The accuracy of the reproductions is determined by the 
method given in exercise 3,a, above, both as to lines and as to 
- angles. 

Discussion of results. Study the results as recorded in parts 1, 2, 3, 
4 of the Preliminary Experiment and results from spelling tests a 
and b, memory tests a and b, and motor tests a and ), as they relate 
to individual imaginal types. Are the objective results consistent 
throughout? Do the subjects’ reports support or contradict the 
objective results? Was there a tendency to describe the figures 
verbally as you were tracing them in the grooved patterns? Did 
you move the body or head-or roll the eyes while learning the 
patterns? If you are in doubt as to what you did, repeat two or 
three patterns again to observe what happens. 


READINGS. 9: 100-108; 13: 22-137; 41: 56-57. 


B. Method of Serial Impressions.: Group Experiment. 

Material. Printed cards, 24 in. by 14 in., arranged in six sets of 
seven each, containing numbers consisting of four, five, six, seven, 
eight, nine, and ten digits, respectively (since the auditory list does 
not have to be exposed it may all be written on a large card seen 
only by the instructor) ; metronome; tables prepared with five col- 
umns headed, respectively, ‘‘Number of Card,”’ ‘‘ Number of Digits,”’ 
*“Number Reproduced,” ‘‘Correct Number,” “‘Score.’’ These tables 
are prepared in advance by the students. 

Procedure. In this group experiment the class is arranged in 
amphitheater style. In each method of presentation a preliminary 
test should be given of a few sets of numbers to accustom the stu- 
dents to the procedure. 

1. Auditory presentation. S closes his lips firmly and presses his 
tongue against the roof of his mouth as a prevention against articu- 
lation. The metronome is started beating seconds, the signal given, 
and the instructor pronounces the digits on the first card (four) with 
the metronome beat, one a second, S hearing but not seeing. After 
the last digit is pronounced, all say in unison on the next three beats 
of the metronome, ‘‘Get ready, write,’’ beginning at once, on the 


1 Modified and adapted from Whipple’s Manual of Mental and Physical Tests, 
Part II, p. 155. By permission of Warwick & York, Inc. 
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fourth beat, to reproduce on the prepared table, in the proper place, 
the digits as heard. The same procedure is carried out with the other 
five series, with a wait of about ten seconds between each presenta- 
tion. When the student cannot reproduce the proper digit he places 
a dash instead. 

2. Visual presentation. In this case the entire card is held up 
before the class for a length of time equa! to that of the auditory 
presentation, a digit per second. Precautions are taken as before to . 
reduce any tendency to articulatory reproduction. S only sees. The 
reproduction is made as above. 

3. Auditory-visual presentation. In this case the digits are written 
on the back of the card, and as E shows the card he pronounces the 
digits as in procedure 1. S both sees and hears. 

4, Auditory-visual-articulatory presentation. The presentation is as 
in procedure 38, except that S pronounces the digits in unison with the 
instructor. S sees, hears, and articulates. 

5. Auditory-visual-hand-motor presentation. The instructor pro- 
nounces and exposes the digits as in procedure 3, and S writes in 
unison on scrap paper. He then discards the scrap paper and repro- 
duces after the usual interval. S sees, hears, and writes. 

Results. The instructor reads the digits as given and the students 
enter the proper numbers in their respective places in the table in the 
column headed ‘‘Correct Number.”’ ! 

Scoring. Every omission is scored as one error; every displace- 
ment by one or two places is scored as half an error; every displace- 
- ment by three or more places as one error. The memory span in each 
case is the maximal number of digits reproduced without error. This 
is shown in the table. 

After the scoring the different series should be compared as to 
error. The imaginal type is found from the highest span. An array 
of the spans of all students should be made and written on the board, 
either at the experiment period or when handed in. 

In an article in the Journal of Experimental Psychology, for 
October, 1916 (pp. 393-403), Gates estimates the spans as follows: 


Average span for Auditory is 7.666. 
Average span for Visual is 8.172. 


Compare your results and those of the class with this standard. 
Discussions of results. Why did you not reproduce directly, with 
no interval? Why did you not have a silent interval? How would 


1 When students report the full number correctly reproduced as nine or ten digits, 
the chances are that they have not adhered to the conditions of the problem. 
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you have stated your imaginal type before this series of experiments? 
Does what you have found here check with your method of memo- 
rizing? How do these results compare with the results obtained in 
the preceding experiment? Discuss the subject of imaginal type as 
it relates to occupation, giving illustrations from your own experience 
or observation. 

Mention some practical applications of the principles illustrated by 
this experiment in the common affairs of daily life. What is the value 
of a broad educational basis from the standpoint of imaginal types? 

How can one infer from an author’s writings his dominant imaginal 
types? What type is suggested by Tennyson’s ‘‘Bugle Song’? by 
Wordsworth’s sonnet, given on page 254? How could the deaf 
Beethoven compose his symphonies? Explain the process when a 
poem or a melody continually “runs in one’s head.’’ To what kind 
of type would this point? 

Do you, for the most part, hear, see, or articulate your thoughts? 
What type of imagery is most commonly found in the thought of 
children? Illustrate from your observation and experience. 


READINGS. 6: 229-258; 9: 118-115, 123-127; 37: 391-394; 45: 150- 
160; 47: 368-371. 


EXERCISES 


1. Recall the longest week or day and also the shortest week or 

day that you can remember, and tell which of them was most 
crowded with events. Can you explain? If your facts indicate a law 
of memory, formulate it. 
« 2. A certain system of mnemonics made use of a dozen or more 
words in a fixed sequence. The list of the presidents of the United 
States was learned by associating each name with the word corre- 
sponding to it in position on the list. The same list of words was 
used in memorizing, no matter what was desired to be remembered, 
— the names of the apostles, the planets in order, a poem, etc., — 
the task consisting in forming associations of the various units in the 
memory problem with the words in order. Comment on the fallacy 
of such a system. 

3. Why does a single word from a prompter bring back the for- 
gotten part? 


4. How do you memorize? What psychological laws support your 
method? What improvements might you make? | 

5. Why does one usually remember poetry better than prose? 
What elements of poetry tend to favor retention? 
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6. Is it better to study a lesson all at one sitting or at two or 
more periods with equal time intervals? 

7. When one is “‘rattled’”’ (associative and affective inhibition), 
what is the best method to pursue? 

8. What kind of memory, rote or logical, is required in learning 
each of the following items: a list of the presidents, dates in history, 
the names of the planets in order, a chapter in history, a theorem in 
geometry ? 

9. How many of the senses give experience which may be recalled 
in the form of images? Which sense gives it most readily ? 


10. Name several factors upon which a good memory depends. 

11. Give some advantages of forgetting. 

12. What phases of memory are native? What phases are im- 
provable? 


13. In practical affairs which is it more profitable to recall readily, 
a person’s name or his face? What cues might you use to insure 
this recall? 

14. Give an example of imagination in play. Isit free or controlled ? 

15. What is the psychological value of the recitation method as 
opposed to the lecture method of teaching? 

16. Explain how a good memory and a fertile imagination promote 
originality, and show how Edison’s achievements support your 
statements. 

17. What is the factor in the Bon Ami advertisement that makes it 
so effective? Give another advertisement that is easily remembered. 

18. Distinguish between the characteristics of night-dreams and 
day-dreams. 

19. How may one improve one’s imagination? 

20. ‘“‘I have a story, but cannot give time, place, or cireumstances 
under which I heard it.’? What phase of memory is lacking? 

21. I am trying to think of the name of a friend, and I remark, 
“The name is on the tip of my tongue.”’ What phase of memory 
is lacking ? - 

22. Should one begin to learn German and French in the same 
year? (See Experiment 93.) 


23. Recall stories you have heard children tell and compare their 
imagination with that of adults. Is it more creative or imitative? 
more or less organized? 
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24. Take some great novelist, as George Meredith, and note 


whether what he constructs is true to life or merely fanciful. In 
what does constructive imagination consist? 


25. Explain why the study of science requires and should cultivate 


the highest form of imagination, using some special example from 
your knowledge of biology, chemistry, or physics. 


26. Read in some late astronomy accounts of the hypotheses con- 


cerning the origin of the solar system. Show how they illustrate 
constructive imagination. 


27. What relation has the imagination to the art of getting on 


peaceably with one’s fellow men? 


15. 


16. 
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CHAPTER X 


REASONING 


1. We may define it [reasoning] ...as purposive thinking carried on in 
the interests of some plan which we wish to execute, some problem which we 
wish to solve, some difficulty which we wish to surmount. — J. R. ANGELL, 
Psychology, p. 228 


2. Rational thinking, or reasoning, is another special kind of thinking. 
Dreams and hypnosis are lower and less organized than casual thinking, while 
reasoning is a higher, more adaptive variety. Thestream of rational thoughts 
is made up of concepts and judgments; the succession is determined by 
their meaning instead of by mere similarity and contiguity, as in casual 
thinking. — H. C. WARREN, Elements of Human Psychology, pp. 322-823 


3. Reasoning as a whole is a process of mental exploration culminating in 
inference. ... Psychology studies the process of reasoning, while logic checks 
up the result and shows whether it is valid or not. Logic cares nothing about the 
exploratory process, but limits itself to inference alone. — R. S. WOODWORTH, 
Psychology, pp. 468, 475 


TOPICAL OUTLINE 


General Nature of Reasoning 
A. Degree of complexity and rank of adaptive service 
I. Involves all other responses, serves as an index to their strength 
and organization and responsiveness 
II. Extends adaptive responses far beyond the innate and habitual 
B. Relation to other responses 
I. Overt and explicit: similar in results but unlike in modes of 
response 
II. Glandular: involves much feeling, less reasoning 
III. Feelings and attitudes: strengthens and directs the course of 
reasoning 
Stimuli to Reason 
A. Situations and difficulties for which responses are not provided 
I. In technical, mechanical, and fine arts 
II. In human intercourse of daily life: family, marital, social, and 
business relations 
B. Sudden and unexpected changes in environment 
. I. Changes and catastrophes of nature: extremes of temperature, 
storms, floods, famine, disease, etc. 
280 
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II. Sudden and radical changes in 
1. Industry, economics, commerce 
2. Ideas (political, religious) 
3. Attitudes and tastes: customs, fashions, social standards 
C. Tendencies to wonder, to doubt, and to be curious (implicit stimuli) 
I. Wonder incites reason to solve the unknown in nature 
II. Doubt may impel reason to remove uncertainty and indecision 
III. Curiosity stimulates reason to change the strange and unfamiliar 
to definite and controlled conditions 
Reactions of Reason 
A. Meaning 
I. Origin: innate and acquired 
II. Referential significance: to objects, to actions, to uses 
B. Concept 
I. Origin: acquired 
II. Nature: condenses and integrates many particulars into a 
unitary whole; its function is to mean, to classify 
III. Relation to 
1. Percepts 
2. Images 
3. Judgments 
C. Judgment 
I. Genetic relation between concept and judgment 
II. Nature of judgment responses 
1. Implicit 
2. Orientive 
3. Predictive 
III. Function: produces definite orientation in attitudes 
D. Inference: a response to two judgments 
Results of Reasoning 
A. Effects on experience 
I. Organizes it in the form of knowledge 
II. Tests and evaluates 
III. Reduces trial-and-error responses 
IV. Inhibits impulses and feelings 
-B. Effects on overt responses 
I. Inhibits or redirects them 
II. Promotes economy of effort 
C. Effects on social intercourse 
I. Sets plans and standards for codperation 
II. Promotes social adjustments and eliminates causes of strife 


INTRODUCTION 


On account of its high service and great complexity reason 
forms the capstone to man’s mental powers. One’s senses may 
be impaired in part, one’s feelings abated and memories dimmed, 
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and yet if one’s rational behavior maintains a consistent course, 
the moral, social, and intellectual life will remain within normal 
and conventional limits. This very complexity and high service 
of reason, however much it may increase the difficulties of ex- 
perimentation, adds to the importance of understanding it as 
faras we may. As in perceiving and in learning, so in reasoning, 
previous experience, associations, habits, attention, and motiva- 
tion are involved, and often in a more exacting way, owing to 
the stress exerted by a more lively purpose. But the responses 
of reason are implicit, orientive, predictive, evaluating, and non- 
performative in the motor sense (1: 228-224). 

The stimulus to reason. The things that cause us to reason are 
legion. In a general way it may be said that such responses 
occur whenever one encounters variations in his environment 
to which neither his habitual nor his instinctive organization 
can successfully respond. Again, one is said to reason when his 
desires and purposes are so thwarted (17: 408-409) that they 
cannot be satisfied by the usual responses of habit. For pur- 
poses of description the stimuli and problems may be grouped 
as follows: (1) problems that arise from encountering natural 
forces, as extremes of temperature, storms, pestilence, famine, 
etc.; (2) problems created by normal human needs, as food, 
shelter, raiment, and by human intercourse, as justice, competi- 
tion, revenge, partnership; (8) problems of an abstract and of 
a noneconomical sort, as problems intentionally set for the joy 
of solving them, problems that arouse the inclination to doubt, 
to wonder, and to be curious and to acquire knowledge beyond 
immediate use. 

The responses of reason. As in the study of attention and of 
feeling, so in the study of reason it is best to begin with those 
segments of reaction arcs that have become integrated into 
attitudes, habits, and interests. Such integrations form the 
neural basis for the permanent features so characteristic of 
meaning, concept, and judgment. In considering attention it 
was observed that attitudes are neural patterns which deter- 
mine the character of a response in more or less disregard of the 
stimulus; that the responses depend primarily upon the organi- 
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zation of attitudes; that they are in part innate and in part 
acquired. We must look to the acquired portions to find the 
basic mechanisms of reasoning, as it is there that meaning, 
recognizing, conceiving, and judging have their origin, and 
these are the primal factors in rational behavior. 

Meaning. A response has meaning when it symbolizes some- 
thing: most often the ‘‘something”’ is a possible action or use. 
Reactions of meaning are not directly connected with overt 
“performative responses”’ as in the case of perception, but 
rather are confined to those segments that prefigure, orient, and 
stand for perceptual reactions. ‘‘ Meaning responses are not re- 
actions to what things are, but to what they stand for on the 
basis of the persons’ previous contacts with them”’ (11 : 388-893). 
When two discrete and separate meanings are embraced in the 
same response a third emerges which is also orientive and pre- ° 
dictive in character. Such responses may combine very simple 
or very complex meanings. Mere sense impressions may be 
combined into a predictive response, even in animals of a low 
order of intelligence. One writer describes how his chicks learned 
from a single experience to avoid a certain caterpillar because of 
its disagreeable taste. The two apparently dominant impres- 
sions in the case were visual and gustatory, and, owing to the 
disagreeable quality of the latter, the chicks did not attempt 
even a second experience. The bitter taste conditioned the 
visual impression for an avoiding response — wiping the bill in 
the air! Two impressions were conjoined in the same reaction 
so that the subsequent appearance of one meant the other 
(16: 96-98). One may hear the name of an interesting plant 
and henceforth the name stands for the plant. 

Concept (17: 417-424). When one and the same stimulus is 
constantly conjoined with many and diverse sorts in the same 
reaction systems, the former stimulus may become largely de- 
tached from the latter, — relieved from the stress, as it were, of 
initiating an immediate overt response, — and assume a refer- 
éntial significance. An object, ball, or a quality, blue, is reacted 
to in connection with many different sorts of stimuli, all of which 
in time tend to fall away, leaving the object or quality in an 
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independent abstract status which stands for all objects of its 
class, and may be used to indicate individuals of the class. Such 
an object or quality is a concept and the reaction a conception. 
Obviously the conceptual character turns upon the range of its 
meaning and the extent of its reference. The concept is well 
illustrated by the common noun and the verb (20: 521-532). 

Judgment. But even though concepts are detached from im- 
mediate mechanisms of response, they can nevertheless arouse 
overt reactions and other concepts and in turn be aroused by 
them, as may be observed in their interpretative and classifying 
functions (1: 2238--234). In the statement “the piano is out of 
tune,” a particular object, a perception, is related or conjoined 
to a concept, a condition (‘‘out of tune’’). A response by which 
two concepts, or a percept and a concept, or two percepts are 
related forms a judgment. This statement fails to show that 
before a judgment can occur at least two successive reactions 
must be made (these may both be implicit, or both explicit, or 
one explicit and the other implicit); the judgment reaction 
then follows, perceiving the relation between the other two 
(17: 424-427). 7 

Inference. Let us suppose that the mistuned piano is a factor 
in a prospective musical entertainment; the two facts then be- 
come related in a significant way and create a stimulus for 
further reactions. Just what these will be depends upon the 
individual’s purpose, the control of his experience, and the na- 
ture of his environment. If a piano-tuner were near and the 
individual recalled the fact, the next response might be ‘‘call in 
the piano-tuner.”” Observe that such a reaction grows out of the 
relation between the mistuned piano and the musical entertain- 
ment. ‘Call the piano-tuner”’ is a third response, a third fact, 
developed from the other two, and as such is a judgment, but 
owing to the fact that the response consists in perceiving the 
relation between two judgments it is termed an inference,! the 
characteristic feature of reasoning (10: 329-343). 


' The student is cautioned not to regard these successive judgments as conforming 
to the requirements of logic. The logician would insist that intermediate steps have 
been omitted. 
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Proof. The person responsible for the condition of the instru- 
ment may believe that he has solved the difficulty by employing 
the services of a tuner, but if the latter’s skill is questioned, the 
solution of the problem may be held in abeyance until the har- 
mony of the keys is tested by a pianist. Such additional pro- 
cedure constitutes a proof in rational behavior (17: 480-486). 

Results of reasoning. The popular view of reasoning credits it 
with discovering knowledge. The view is correct if it be taken 
to mean that reasoning organizes experience and shapes it for 
predictive, orientive, and evaluating functions. The effects may 
be regarded as immediate or remote: the former are used to 
improve one’s welfare, or to make a new attack on a difficulty, 
or to dismiss it altogether; the latter function as controls, 
norms, and standards in the larger relations of human affairs 
as seen in industry, economics, government, and science. 

The effect of reasoning on the individual cannot be fully 
appraised owing to the many indeterminate factors involved. 
The judgment offers, perhaps, the most favorable vantage point 
from which to observe rational behavior. A direct effect of the 
judgment appears to be the formation of a definite attitude 
toward a situation, and if the attitude assumes some degree of 
permanency it constitutes a belief, — a concrete and dynamic 
effect. But belief is only one result of rational behavior; the 
thoughtful man is regarded as prudent and cautious in action 
and as critical in observation; then, too, the consciousness of 
power to solve problems and remove difficulties by rational 
means predisposes us to adopt such behavior in preference to 
impulsive and emotional types (13: 399-416; 17: 430-483). 


EXPERIMENT 99. To study Meaningful Attitudes (Two Students) 


Material. Stop watch; two lists of five words each: 


yelo0wep MOL 
4SI[BI00S 0}0U 
LAoys[oq Yseory 
ueBolpqndel Ieq 
 orjsouse aseq 


TJ LST T asta 
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Procedure. EK uses the words in List I and S, when E is subject, 
uses the words in List II. E spells and pronounces one word of his 
list and requests S to observe and record with care the several mean- 
ings of the word that may occur in one minute. S must not force a 
change of meaning nor resist the appearance of a new one; he must 
keep the word in mind and observe both explicit and implicit re- 
sponses to it, such as verbal imagery; initial vocal responses; 
movements of eyes, hands, body; feelings, pleasant or unpleasant ; 
desires. At the end of a minute E calls ‘‘Time” and allows S suffi- 
cient time to complete his record. Three or more meaning responses 
must be given to a word. E now pronounces the word a second time 
and S continues to observe meanings as before for one minute and 
makes an after-record. E and S now exchange places and a word 
from List II is pronounced and responses of meaning are recorded 
and repeated under the same conditions used with List I. A second 
word from List I is now pronounced to the first subject and the same 
procedure is observed. E and S now alternate until they have fin- 
ished the five words of the respective lists. 

Results. A sample record of a word is given here. 


TABLE XLVI. REPORT OF IMPLICIT AND E;XPLICIT RESPONSES OF MEANING 


RESPONSES OF MEANING 
WORD NUMBER sues ee 
OF TRIALS plici Explicit 
Face Head Hands Body 
Fork ih Angle between two | Eyes Tipped 
branches of tree. rolling back 
Visual imagery of 
bark moss 
2 Table fork. Two Down Mimetic 
prongs, incipient move- 
jabbing’ move- ments 
ments 
3 Road. Visual im- | Eye Poised Erect 
agery of diverg- move- for far 
ing white gravel ments looking 
roads 
4 Fork it over. Aud- | Eyes Tossed Initial Stiffen- 
itory imagery in squint- back jerking ing 
threatening tone ing move- 
ments 


Discussion of results. In any response were you doubtful of the 


meaning? Were you doubtful of the imagery? Which was clearer, 
the meaning or the imagery? Do vou feel sure that you expressed 
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all the overt responses? Go over both the implicit and the explicit 
lists and place a minus sign before the phrase or words in which you 
place little confidence as facts; place a plus sign in front of those in 
which you place some confidence as facts; and place a check mark 
(/) before those in which you place a high degree of confidence. 
Do the explicit or the implicit responses show the higher degree of 
confidence ? 

Inference. State character of meaningful attitudes based on results. 


READINGS. 1: 203-222; 17: 410-414; 20: 367-373. 


EXPERIMENT 100. To study Comprehension (Group Experiment) 


Material. Stop watch; five questions involving experiences of 
daily life. 

£31 UO 4SarequI Avd 04 BUIT[IM ADUOU SMOLIOG OYM UBT @ SI AY M ‘G 
Zquinp Ajjensn jeep ulog aie oymM a[doed ale AYU M ‘P 

i 300138 Aq ® 
uo 4SO] punoj nod 4eyy pilyo pjo-1vaeA-0oMy B YQIM OP NOL plNoys yey “E 
{ YOOLMAIYS B UL 4SI poavs oq UdsIp[IyO pue ueuI0OM prnoys AU M °Z 

{ SABP [VIBADS IO} FI [VW 0} 
40810} NOA pu [[eUl 0} 10}40] @ NOA VAS PUdlI] B Jl Op NOA p[Noys yeY AA “T 

SNOILSANY 


Procedure. The instructor tells the students that he is going to 
ask them five questions and that the answers are to be found largely 
in the experiences of daily life; that a question will be read twice 
and ten minutes allowed for answering it and describing the responses 
involved in reaching an answer. Two answers may be given: a first 
and a second best. Point out for each of the two answers to a 
question the facts that finally determined it. 

Results. Subject’s report. Record the answers in the order of the 
questions. 

Discussion of results. Do any of your answers report a memory 
based upon observations made on conditions involved in the ques- 
tions? Do you regard such an answer as one based upon compre- 
hension? Why? Do you recognize in any of the answers only a small 
part of your own experience? How do you account for the presence 
of the rest of the facts necessary to an answer? Were any of your 
answers based upon consequences that you foresaw rather than upon 
definite information? But consequences as imagined facts must have 
a source. Can you identify the source in this case? 

Did the facts suggest the answers by association or were the answers 
abstracted from the facts? 
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Comprehension is sometimes regarded as a synonym for common 

sense. Do the results of this experiment justify such a view? Are 
the problems of comprehension largely social or are they individual 
and private in their reference? 
. One author observes that there are two ways of thinking: 
(1) “thinking out’ and (2) ‘“‘thinking about” our affairs and 
problems or those of other people. Which type of thinking is 
more closely allied to comprehension ? 

Inference. What is comprehension? 


READINGS. 2: 317-334; 6: 116-134; 20: 367-373. 


EXPERIMENT 101. To observe Thought Reactions to Arithmetic 
Problems 


Material. A. Problems in common arithmetic with indicated oper- 
ations; some of the digits of the numbers are replaced by ~’s. 


1. 792% + x27 — 38 = 411. 3. 4004 =) (eae 
2. «85 + 425 + 26x = 2737. ; 4. 7676 +x = 1924. . 


Procedure. Solving these problems consists, of course, in replacing 
the x’s by proper digits. Observe the nature of your reaction in each 
step leading to the correct substitution, such as looking for a cue, 
using a general principle, making a trial more or less blindly, solving 
the problem mechanically. 

Results. Arrange your report to give the following data under the 
proper headings: (1) state what is given and what is required; 
(2) write out the operation; (3) give the arithmetical principle 
employed or methods used. , 

Material. B. Common problems in algebra and geometry: 


1. Prove that the sum of the three angles of a triangle is equal to two 
right angles. 

2. Find two numbers such that twice the first plus three times the second 
is equal to 105; and three times the first plus twice the second is 95. 

3. The sum of two numbers is 20, and the first is to the second as 4 is to 
4+; what are the numbers? 

4. The sum of two numbers is 31, and their difference is 5; what are the 
numbers? 


Procedure. Since these problems are all formal and are fairly well 
known, state the service that knowledge plays in solving each prob- 
lem. It is suggested that a formal procedure be adopted, stating 
what is given, what is required, searching for a principle, applying 
the principle, and giving methods of checking. 
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Results. Describe your reactions in solving each problem, in- 
cluding search for a cue; use of imagery (visual, vocal); aid from 
pen or pencil, if used; use of old habits; drawing inferences from 
comparisons. Point out the steps and inferences that you made 
from responding to two or more facts. 

Material. C. Problems in ‘‘mental”’ arithmetic: 


1. A has three times as many apples as B, and B has twice as many as 
_C; how many has each if A has 12 more than B and C together? 

2. Three fifths of A’s age was his wife’s age when they were married, but 
in forty years four fifths of his age equals hers; what was the age of each 
when they were married ? 

3. A man bought hay for $8 a ton, but in getting it he lost 20 per cent on 
it; what did it really cost him a ton? 

4. Two men, A and B, in partnership gain $800. A owns two thirds of 
the stock, lacking $40, and gains $180; required, the whole stock and the 
share of each. 


Procedure. These problems are to be solved without the aid of 
pen and paper. (Is this unusual for you?) Use pen and paper only 
to record the solution, the number of trials and fresh attempts, the 
causes for your abandoning a line of attack. After you have solved 
the problem mentally, write out your solution step by step. 

Results. Report the number of steps for each solution. Point out 
principles that were applied, the prevailing imagery that you had 
whether visual, auditory, or vocal. Which seemed of greater service? 
Have you any habits that aided you? any information or knowledge? 
Which is of greater service in solving such problems; training in 
such work or information (that is, conscious knowledge of how to 
work them)? Can one of normal intelligence solve such problems 
without education? It is generally thought that feeling is incom- 
patible with reasoning. Do your experiences in solving these prob- 
lems support or refute that notion? : 

Did you give up at any time? If so, what is the cause of such a 
reaction? Is there any connection between such a condition and 
that of despair? 


READINGS. 1: 224-225; 8: 490-508; 9: 325-331. 


EXPERIMENT 102. To study the Habit Factor in Reasoning 
(Two Students) 


Material. Stop watch or Sanford chronoscope; prepared blanks 
for recording S’s responses; two series of time problems: Series I 
of one hundred questions in which are given two dates and one day — 
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to find the other day; and Series II of one hundred questions in 
which are given two days and one date — to find the other date. 

Ten examples of each series are given below, which may furnish a 
basis upon which E and S, respectively, construct one hundred or 
more questions. 

In Series I the questions involve a constant order of days so that 
each day of the week is involved the same number of times; for 
example, the order may be Thursday given in the first question, 
Wednesday in the second question, and Sunday, Saturday, Tuesday, 
Friday, Monday, each in turn, appearing in the round of questions. 
Also the time intervals between the given day and the required day 
occur in a fixed order, for example, + 6, — 8, +4, — 5. The plus signs 
indicate that the required day is in the future and the minus signs 
indicate the past. The following ten questions will suffice to show 
the method of construction for Series I: 


. If Thursday is the fifteenth, what day is the twenty-first ? 

. If Wednesday is the twenty-seventh, what day was the nineteenth? 
. If Sunday is the fourth, what day is the eighth? 

. If Saturday is the nineteenth, what day was the fourteenth? 

. If Tuesday is the seventeenth, what day is the twenty-third? 

. If Friday is the eleventh, what day was the third? 

. If Monday is the eighth, what day is the twelfth? 

. If Thursday is the twenty-ninth, what day was the twenty-fourth? 
. If Wednesday is the twenty-first, what day is the twenty-seventh? 
. If Sunday is the thirteenth, what day was the fifth? 


SCMOONAMAAPWN HE 


— 


The order of days should differ in Series II and may run as follows: 
Saturday, Monday, Thursday, Tuesday, Friday, Sunday, and 
Wednesday. The time intervals may include the same numbers or 
different ones. If the same, they should refer to time in the opposite 
direction to that of the same numbers in Series I; for example, 
+ 8, —6, +5, —4. The following questions furnish a basis for 
constructing Series II: 


. If Saturday is the twenty-third, what is the date of next Sunday? 

. If Monday is the nineteenth, what was the date of last Tuesday? 

. If Thursday is the tenth, what is the date of next Tuesday? 

. If Tuesday is the eighteenth, what was the date of last Friday? 

. If Friday is the fourth, what is the date of next Saturday? 

. If Sunday is the twelfth, what was the date of last Monday? 

. If Wednesday is the sixteenth, what is the date of next Monday? 

. If Saturday is the fourteenth, what was the date of last Tuesday? 

. If Monday is the twenty-second, what is the date of next Tuesday? 
. If Thursday is the eighth, what was the date of last Saturday? etc. 


SHON AOKPWN KH 


fH 
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Procedure. k divides the list of one hundred questions into five 
sets of twenty each. Should the series prove too short for S to de- 
velop adequate methods of reasoning, E prepares another series of 
one hundred questions. E should maintain a uniform manner and 
an even tone of voice and adhere strictly to the same phraseology in 
putting the questions. The stop watch (or key to the chronoscope) 
is released simultaneously with the pronunciation of the second date 
in Series I (for example, in question 1 the key is released at the 
pronunciation of ‘‘twenty-first’’), and the watch is stopped (or 
counting the swings of the pendulum ceases) when S responds with 
the correct day. S is asked to report from time to time the manner 
in which the responses are worked out. E also records the time in 
seconds and keeps an account of S’s overt behavior while solving a 
problem. 

Results. Subject’s report. This should contain a careful description 
of the methods employed in solving the problems, such as old habits, 
bodily and mental; type of imagery, if any used; tension and re- 
laxation of feelings while S was listening to the conditions of the 
problem, solving it, and giving the answer. 

Expervmenter’s report. This consists of a table in two parts, one 
showing the number of the problem and the time when the date is 
future, and the part showing the number of problem and the time 
in seconds when the time is past. The following is a typical table of 
the mean averages of plus and minus time for answers to ten sets of 
Series IT. 


TABLE XLVII. THE EFFECT OF HABITS ON THE RATE OF SOLVING 
PROBLEMS 


NUMBER OF PROBLEM 


1 2 3 4 e 6 qa lee 95, \8 10 


4.60 | 4.04 | 3.40 | 2.52 | 3.88 | 2.56 | 1.86 | 2.34 | 2.84 | 2.52 
6.00 | 5.14 | 4.10 | 3.64 | 3.50 | 3.22 | 2.34 | 2.60 | 3.60 | 3.30 


Mean averages { “ 


Discussion of results. A learning curve should be plotted, showing 
the number of periods on the base line, or abscissas. E’s report 
should also contain a list of the observable facts of S’s bodily be- 
havior; use of hands and arms, movements of the facial muscles, 
closing and opening the eyes, posing of the body, uses of the voice. 

Was the method that you used gradually developed or did you 
hit upon it at once? Is there any appreciable and constant difference 
in the time required to determine a past date when the given date is 
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an odd number from that when the latter date is an even number? 
Do the tables show a constant difference in time between responses 
to future dates or days and responses to past dates or days? If so, 
has habit anything to do with the difference? 

List all the facts that you have found which tend to show the 
effect of habit on reasoning. Do you also find evidence showing the 
effect of imagery on reasoning? 


READINGS. 2: 370-379; 9: 363-870; 12: 633-638; 17: 427-430. 


EXPERIMENT 103. To study Problems in Formal Reasoning 


Material. Ten syllogisms composed of propositions having ab- 
stract terms, and ten syllogisms composed of propositions having 
concrete terms. (The object of using problems expressed in logical 
form is twofold: (1) it reduces the conditions of the problems to 
simple standard form; and (2) it makes it possible to observe the 
effects of abstract and concrete material, respectively, upon the 
accuracy, speed, and effort in reasoning. ) 


SERIES I. SYLLOGISMS WITH ABSTRACT TERMS 


1. All A is B. 6. Some A is B. 
All C is A. ! All B is C. 
Therefore Therefore 

2. All A.is B. 7. NoA is B. 
Some C is A. Ail B is C. 
Therefore ——. Therefore 

3. All Anis’ B: 8. No A is B. 
All Bis C. All C is B. 
Therefore ——. Therefore ——. 

4. Some A is B. 9. All A is B. 
No B is C. No C is B. 
Therefore Therefore 

5. All A is B. 10. All Bis A. 
No Bis C. All B is C. 
Therefore Therefore 


SERIES II. SYLLOGISMS WITH CONCRETE TERMS 


1. All rodents have chisel teeth. 
A gopher is a rodent. 
Therefore : 

2. All masons use trowels. 
Some Yankees are masons. 
Therefore 


— 


: 
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8. All turtles have shell armor. 
All shell armor gives protection. 
Therefore ——. 
4. Some blacksmiths are negroes. 
No negro is an aviator. 
Therefore ——. 
5. All members of the Boat Club are members of the Gun Club. 
No member of the Gun Club is a woman. 
Therefore 
6. Some members of the Boat Club are members of the Gun Club. 
All members of the Gun Club are good marksmen. 
Therefore ——. 
7. No farmers are speculators. 
All speculators take chances. 
Therefore ——. 
8. No farmers are speculators. 
All brokers are speculators. 
Therefore ——. 
9. All farmers are frugal. 
No broker is frugal. 
Therefore. ——. 
10. All naturalists are good observers. 
All naturalists are lovers of nature. 
Therefore ——. 


Procedure. S provides two sheets of paper on which to record the 
conclusions to the problems of Series A and Series B, respectively. 
Number the conclusions from 1 to 10, each number corresponding to 
that of the problem. In order to distribute the effects of habit over 
both series, solve first problem 1 of Series A and then problem 10 of 
Series B, then problem 2 of Series A and problem 9 of Series B, and 
so on to the end. Skip none and write under each conclusion as soon 
as it is recorded (sufficient space being allowed) an account of how 
you solved the problem ;: use diagrams and drawings if they will aid 
your description. Since speed is one of the factors to be studied, S 
must record the time in minutes that elapses between starting and 
completing the solution for each problem in both series. After 
completing both series check your solutions with those given in the 
Appendix. Make a cross (xX) in front of your wrong conclusions. 

Results. The raw results on the two sheets of paper furnish evi- 
dence for comparing the effects of concrete and abstract terms in 
syllogisms on the rate, accuracy, and degree of effort in reasoning. 

Discussion of results. What do results show regarding these three 
factors as to time? as to accuracy? as to effort? Is there any rela- 
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tion between accuracy and degree of effort?! Do any of your solu- 
tions (inferences) contain new facts? If so, make a list of them, and 
determine as far as you can if they are entirely independent of pre- 
vious experience. Do you conclude that the results of reasoning are 
new or creative? In what does the newness consist? What is the 
difference between the psychology of reasoning and the logic of 
reasoning ? 


READINGS. 3: 240-248; 4: 84-189; 15: 1-389; 17: 4383-435; 21: 474-478 


EXPERIMENT 104. To study Understanding and Reasoning in 
solving Complex Concrete Problems 


Material. Five concrete problems varying in complexity. 


1. In one pan of a false balance a roll of butter weighs 1 lb. 9 oz., and in 
the other, 2 lb. 4 0z. Find the true weight of the butter. 

2. A rise of 5° on a centigrade thermometer is equal to how many de- 
grees’ rise on a Fahrenheit thermometer ? 

3. A spider is at the foot of a fifty-foot chimney, and every time it climbs 
a web running to the top it ascends 5 ft. and drops back 4 ft. How many 
trials will it take the spider to reach the top of the chimney? 

4, A man travels three quarters of his journey and then returns toward 
the starting-point two thirds of the distance traveled. He now continues 
the journey one half of the distance retraced and then stops. What part of 
the whole distance is marked by the last stopping-place ? 

5. A one-track railroad has a switch which will hold twenty-five cars and 
one engine. This switch is connected at each end with the main track. Two 
fifty-car trains (A and B), each having but one engine, meet and must pass 
at the switch. What order of shifting of cars is necessary in order that the 
trains may pass each other? ? 


Procedure. The problems are not related, but they do increase in 
complexity, and for that reason should be solved in the order pre- 
sented, beginning with problem 1. The value of solving a problem 
for the present study depends entirely upon the accuracy and clear- 
ness of the description of the reactions involved. Let the task be to 
keep track of (1) the number of plans tried on each problem; (2) the 
number of trials given to a plan and the reason for its success or 
failure; (3) whether a useful principle or cue was discovered by 
chance or by the recall of pertinent knowledge or as an inference 
from the comparison of facts; (4) whether the solution came sud- 


1 This experiment was suggested by a comment made by Dr. F. Kuhlmann in his 
Handbook of Mental Tests, p. 182. 

2 Problem 5 is taken from Morgan’s ‘Mental Tests,’”’ by Dr. J. J. B. Morgan, 
as quoted by Professor J. F. Dashiell, in the Psychological Review, 1925. 
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denly, ‘“‘like a flash,’ or was developed step by step. Observe also 
the explicit responses involved, as tendency to vocalization and to eye 
and hand movements, tendency to posing of the body, and tendency 
to efforts of concentration. The absence of a time limit favors 
accuracy and clearness in describing the processes involved. 

Results. Report the results in two parts: (1) correct operations 
involved in solving the problem as such (check your answers with 
those in the Appendix); (2) tabular form of the responses that oc- 
curred in solving the problems, with these headings: 


EXPLICIT 
RESPONSES 


CAUSE OF 
REJECTION 


NUMBER 
OF TRIALS 


How 
DERIVED 


NUMBER 


PROBLEM 
OF PLAN 


Discussion of results. What evidence do you find that reasoning 
involves selection as well as rejection of plans and ideas? By what 
processes do plans and ideas appear? When do plans and ideas be- 
come selected? What principle was most often successful: one 
discovered by chance, or one arising from knowledge, or one inferred 
from facts? 

Are the implicit responses entirely distinct from the explicit or are 
the latter an extension and accompaniment of the former? Are the 
explicit responses essential or irrelevant? 


READINGS. 2: 3385-383; 5: 69-738; 19: 264-278. 


EXERCISES 


1. Explain why dream reactions are the opposite of reasoning 
reactions. 


2. Few clouds are ever observed on the surface of the planet Mars. 

The white polar caps vary in size. When it is summer in the 
Northern Hemisphere, the north polar cap rapidly shrinks in size, 
while the south polar cap grows larger, and the opposite conditions 
are true in winter. 

A network of long straight lines has been made out by some ob- 
servers in the central portion of the disk, these lines apparently 
starting from the polar caps. 

Nature does not make long straight lines. 

Can you make a connected argument from the above statements 
that Mars is inhabited by intelligent beings, in view of the additional 
fact that temperature conditions do not entirely preclude such a 
conclusion ? 
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3. Give a concrete example tending to show that a college freshman 
often has an exaggerated notion of the value of his own town, so that 
his judgments and reasoning are biased by it. What are some of the 
influences tending to give him an impartial view by his senior year? 


4. To illustrate the suddenness often attending the discovery of a 
scientific law, Oersted’s discovery of the connection between elec- 
tricity and magnetism may be used. For a long time it had been 
supposed that such a connection must exist, and Oersted had made 
frequent attempts to prove it experimentally, without success. The 
Danish professor was lecturing to his class, a suspended magnetic 
needle was before him, and close by a wire carrying a current from a 
battery. He suddenly announced to his class what he was about to 
do, and raised the wire, holding it above the needle, not touching it, 
and parallel to it. At once the needle swung to one side, and remained 
at a considerable angle to the wire — and modern electricity was 
born. Explain imaginative and reasoning reactions. 


5. In a small town an important election involving the issue be- 
tween Wets and Drys was held one Saturday night. The church 
people were out in force, and at the end the day was saved for the 
Drys after a close contest. The Presbyterian minister, after valiantly 
doing his part, was informed just before the end that the day was 
lost, and, thoroughly discouraged, went home. Closely engaged in 
his study, and too disheartened to venture out the next morning, he 
ascended his pulpit and preached a sermon appropriate to the lost 
cause, the climax being reached as he described how he heard from 
his home late the night before ‘“‘the drunken yells of the victors.” 

Point out the probable emotions, associations, and attitudes 
influencing the clergyman’s reasoning. Upon what did his error 
depend ? 

6. If one fills a small glass tube with iron filings, and strokes it with 
a strong magnet, always in the same direction, the filings will be 
seen to arrange themselves in the direction of their length along the 
longer axis of the tube. The tube, if it is lifted gently, will now at the 
same end repel one pole of a small compass and attract the other. 
The tube is therefore a magnet. If now the tube is thoroughly shaken, 
one end of it will attract both poles of the compass alike. It is there- 
fore not a magnet at this time. 

A sewing needle is magnetized by stroking with a bar magnet. 
Tested by the compass it is seen to be a magnet. It is heated red 
hot and allowed to cool several times, after which the compass test 
shows no magnetism. Heat is molecular motion. 
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A needle is magnetized and sharply jarred many times. The 
magnetism disappears. 

From the above statements derive the theory that magnetism is a 
matter of molecular arrangement. 


7. Itissaid that the astronomer Kepler made and abandoned many 
false hypotheses, working for twenty years, testing out each by 
mathematics, before he announced his laws of planetary motion. 
What attitude did he show? What kind of imagination did he use? 
This type of reasoning is sometimes called verification. Can you 
give another example of it? 


8. The planet Uranus was noticed to vary from the predicted 
position it was expected to occupy at a certain time. Two young 
astronomers, Leverrier in France and Adams in England, unknown 
to each other, set to work to find the cause. By the laws of mathe- 
matics each found that the slight variation in movement was caused 
by the presence of an unknown body near it in the heavens. Leverrier 
wrote to a German astronomer directing him to look in a certain 
position in the sky for the unknown body. The great telescope was 
pointed in the direction indicated, and less than one degree from the 
exact point mentioned a new planet was found serenely shining in 
the sky. Thus Neptune was discovered. In an exactly similar man- 
ner, under the direction of Adams, the same planet was located by 
the telescope at Cambridge. Fill out the following blanks: 

The first step in the process consisted in of the 
of the planet Uranus. The second step was an constructed 
by the The third step was the of the through the 
of ——. The fourth step was the of the new itself, 
whose verified the : 


9. A little boy who had just moved from the country to town 
passed by two reservoirs on a hill near where he was living. ‘“‘Is 
one for hot and one for cold water, mother?”’ he asked. What was 
his reasoning process and what error did it contain? 


10. A man desired his son to have a college education. The son 
wished to go into business and disliked study. The father persisted, 
and the son spent four years at college, threw away his time, became 
idle and discontented, and in the end made a failure of life. Show the 
error in the father’s reasoning. 


11. Show by referring to some examples given above and by an 
example from your own experience that, as Woodworth says, 
“reasoning may be called a trial and error process in the sphere of 
mental reactions.” 


in the 
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12. Give examples from the foregoing exercises, and an example of 
your own, of two important attitudes operating in reasoning: 
(1) the critical attitude toward supposed facts (the scientific atti- 
tude, as it is sometimes called), which may result in a possible fre- 
quent change of view; (2) the power of steadfastly maintaining 
one’s position. From which do you think arise more errors in 
reasoning? Justify your answer. 


13. A child thought for some years when she heard the song 
‘**Auld Lang Syne”’ that two lines ran thus: 


We'll take a cup of cotchinet 
For the days of auld lang syne 


instead of 
| We'll take a cup of kindness yet 


For the days of auld lang syne, 


interpreting ‘“‘cotchinet” to be a kind of .wine. Give probable 
rational steps involved. 


14. A small boy who had become much interested in fairies and 
the various transformations he had heard of in fairy stories was told 
that if he would pull apart a wishbone with someone and retain the 
larger part, any wish he might make would come true. At the next 
chicken dinner he got the wishbone, but was observed to hesitate 
considerably before he would pull it. Finally, very timidly, he did 
break it with his father and held the desired part in his hand. A 
look of intense disappointment came over his face. ‘Why, it’s not 
a fairy, just an old bone,”’ he remarked with disgust. What was the 
child’s reasoning ? 
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CHAPTER XI 


AFFECTIVE REACTIONS: FEELINGS AND EMOTIONS 


1. Stimuli do something more than arouse sensation; they give rise to 
processes of a different kind, to feelings in a special sense; we do not merely 
take the impressions as they come, but we are affected by them, we feel 
them; and what we feel is their agreeableness or disagreeableness, their 
pleasantness or unpleasantness. ... The writer holds that there is an ele- 
mentary affective process, a feeling element, which is... codrdinate with 
sensation and distinguishable from it but which is nevertheless akin to 
sensation and is derived from the same source. ... This elementary process 
is termed affection. — E. B. TITCHENER, A Text-book of Psychology, p. 226 


2. Affection is a simple mental process that is purely subjective, gives us 
no information of the outside world, and has for its distinguishing character- 
istic pleasure or pain. — N. A. HARVEY, The Feelings of Man, p. 12 


3. The agreeable-disagreeable elements or phase of our states of conscious- 
ness is often spoken of as “‘affection,”’ the total complex state in which it 
occurs being then called “feeling.” This seems a convenient usage even if 
somewhat arbitrary, and we shall therefore adopt it. — J. R. ANGELL, 
Psychology, p. 258 


4, We now come to a different kind of experience — experiences which are 
made up chiefly of systemic sensations or in which systemic sensations are 
of our bodily organism — not with events in the surrounding world. They 
are called affective experiences, and include the following sorts: feeling, 
emotions, seniimenis. —H. C. WARREN, Elements of Human Psychology, 
p. 203 


5. My theory ...is that the bodily changes follow directly the perception 
of the exciting fact, and that our feelings of the same changes as they occur 
is the emotion. — WILLIAM JAMES, Psychology, Vol. II, p. 449 


6. We acquire tendencies to respond with pleasure to stimulus patterns 
not originally pleasurable: and we lose the pleasure response to other 
patterns which originally released that response. The same is true of all 
the feelings, simple and complex. In the total mass of feeling-response... 
there is very little that is really “instinctive”: the original tendencies have 
been so recombined and modified by learning that the resultant reaction- 
patterns are as thoroughly “acquired” as any group of reaction-patterns 
in the organism. — KNIGHT DUNLAP, Elements of Scientific Psychology, 
pp. 3387-338 
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TOPICAL OUTLINE 


The Nature of Affective Reactions 
A. As an aspect of consciousness 
I. Personal reference: self-awareness (diffusive and monopolistic) 
II. Properties 
1. Quality 
a. Pleasant 
b. Unpleasant 
2. Intensity 
3. Suddenly initiated and gradually terminated 
B. As to bodily changes 
I. Implicit reactions 
1. Glandular 
a. Internal 
b. External * 
2. Vascular 
a. Circulatory changes 
b. Respiratory changes 
3. Muscular (unstriped muscles) 
II. Explicit reactions 
1. Glandular and vascular: paling, blushing, perspiring 
2. Striped muscles 
Affective Reactions compared with Cognitive and Conative Processes 
A. Affection: sensation, perception 
B. Affection and thinking 
I. Facilitating and inhibiting 
II. Controlling and directing 
C. Affection and conation ‘ 
I. Relation to inherited mechanisms 
1. Feelings and instinct mechanisms 
2. Primary desires 
II. Relation to acquired mechanisms 
1. Attitudes, emotions, and dispositions 
2. Affections, habits, and skillful responses 
3. Sentiment 
Methods for studying Affections 
A. Genetic method 
B. Questionary methods 
I. General topical questions, arranged in form of syllabus 
II. Methods requiring judgment reactions to questions 
1. Personal inventory: questions on self-feelings 
2. Objective stimuli 
a. Form 
b. Rhythms and melodies 
c. Color and color compositions 
C. Graphic methods 
I. Graphs of physiological responses: registered by tracing devices 
II. Psychogalvanic reactions: registered by photographs 
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D. Association methods 
I. Without apparatus 
II. With apparatus 
Theories of the Causes of Affective Reactions 
A. Central theories 
I. Facilitating and inhibiting purposes 
II. Physiological theory: conscious accompaniment of anabolic and 
katabolic changes 
B. Peripheral theories 
I. Reflex or back lash theory: bodily changes that follow directly 
the perception of the exciting fact is the emotion 
II. Innate theory: conscious accompaniments of the responses of 
inherited mechanisms 


INTRODUCTION 


Perceptions, ideas, images, concepts, have definite and discrete 
modes of response with an objective reference, and because of 
this latter factor they have been termed cognitive, or knowing, 
reactions. But most often cognitive reactions are accompanied 
by pleasant or unpleasant affective tones or feelings involving 
more or less motor and glandular reactions and withal a subjec- 
tive and personal reference. Because these experiences refer to 
the self, and seem so individual and private, they are termed 
inner or subjective reactions. The generic term for this inner 
life is affection and includes feelings, emotions, dispositions, 
and sentiments. Examples of feelings are anxiety, drowsiness, 
eagerness, fatigue, familiarity, irritation, laziness; examples of 
emotions are rage, fear, joy, jealousy, grief, disgust, horror ; ex- 
amples of kinds of dispositions are domineering, meek, sullen, 
romantic, distrustful, reserved, benevolent ; examples of senti- 
ments are honor, vanity, reverence, sublimity, beauty, revenge. 
For full descriptions and distinctions between these several 
groups of affections the student is referred to standard works 
listed in the bibliography at the end of the chapter (20, 26, 27, 29). 
But there are a few characteristics common to all affective ex- 
perience that should be noted here, and for this purpose the 
more common term, feeling, will be substituted for affection. 
(1) All feeling reactions manifest distinctive bodily changes 
of some sort: gestures, bodily poses, blushing, paling, altered 


ae _ 
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breathing and circulation, and a variety of glandular activities. 
(2) Feelings and emotions are suddenly initiated and tend to 
frustrate purposes and to check orderly movements. They occur 
in the “‘most serious situations or predicaments of life’ (4: 295- 
302) and run a more or less temporal course, gradually subsiding 
with the restoration of reflection and of orderly habitual move- 
ments. (3) Feelings and emotions aroused by certain objects 
and critical situations may serve to repress inappropriate ideas 
and ineffectual movements, and in addition may produce rapid, 
vivid effective thinking and action. (4) Objects and situations 
that arouse feelings and emotions tend to develop permanent 
attitudes toward them and may lead to an attachment of values 
having social, or zsthetic, or hedonistic, or phobic significance. 

Scientific psychology began, grew, and was established by the 
study of sense perception, images, attention, and other problems 
apart from feelings and emotions. But if there is to be a science 
of human control and guidance, both for the individual and for 
the group, it must be based largely upon the laws of attitudes, 
feelings, and emotions. Such laws, owing to the difficulties in- 
volved in experimenting on feelings, are for the most part yet to 
be discovered. But it should be observed that modern psychol- 
ogy has greatly improved its position for attacking the problems 
of feeling. Hitherto our ignorance of the connections between 
glandular secretions and emotions has been bliss. The researches 
- of Cannon (6: 110-801) and others have removed much of the 
darkness from that field and have shown that a more complete 
study of emotions must reckon with the effect of glandular ac- 
tivity upon the nervous system and emotional behavior. The 
methods applicable to these studies may be grouped as follows: 

1. Genetic method. This method promises much, and in the 
earlier days of child study some progress was made in our knowl- 
edge of feelings by critical and systematic observations of in- 
fants and children. These studies have within recent years been 
resumed under improved scientific technique, as shown by the 
studies on instincts and emotions of children and by the more 
pretentious works on the pre-school child (3 : 235-254 ; 18: 229- 
2a), 300-091). 
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2. Questionary method. There are several varieties of this 
method: (1) The first to be fully justified by its results was 
the use of questionaries, so-called. The investigator arranged a 
number of questions into rubrics, which in turn were grouped 
into a developmental order bearing on a general problem. Two 
examples of such rubrics, soliciting answers on emotions of 
anger, will illustrate the nature and form of the method. 

Rubric 4. Describe overt acts, striking (how: down, straight out, 
with fist or palm?), scratching, biting, kicking. At what part are 
blows or attacks aimed ? 

Rubric 6. Describe long delayed anger, the venting of secret 
grudges long nursed, and deliberately indulged (14: 528-529). 


(2) The second class of questionary methods involves a judg- 
ment in making the response and is further subdivided, accord- 
ing to whether the response-judgment relates (a) to the emotional 
attitude of the individual making the judgment or (b) to the 
emotional effects aroused by different kinds of objective stimuli. 
Examples! of (a) are furnished by personal inventory studies, 
where an attempt is made to have the subject describe his emo- 
tional condition by answering questions or by checking one of 
several suggested answers. The following questions may serve 
as examples: Do you ever have the feeling that you are falling 
just before going to sleep? Do you feel bored a good deal of the 
time? Have you had a queer feeling as if you were not your old 


self (19: 128-141)? The study of feelings by method (6), some- 


times called the method of paired comparisons, uses such ma- 
terial as lines, areal figures, colors, tones, humorous cartoons, 
etc. (see Experiment 105). The stimuli are presented to the 
subject two at a time and every member of the series is paired 
with every other member. Although the method is tedious and 
exacting in technique, the results fully justify its use. 

3. Graphic method. The graphic method, or the method of 
expression, investigates the relation between bodily changes 
and processes (as breathing, pulse, volume of limb, glandular 
secretion, muscular action) and the accompanying feelings. The 


1 Professor R. S. Woodworth was the first to devise and use these personal 
inventory questions. 
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variety and complexity of apparatus used and the skill and 
technique required to do successful work place this method in 
advanced courses. 

4. Association method. The association methods use verbal 
stimuli and rely chiefly on the facts of verbal responses in the 
interpretation of the subject’s emotional status. The procedure © 
and technique have been developed for the purpose of studying 
pathological cases so that, except for purposes of illustration, 
the methods are rarely used to study feelings of normal persons. 
This is no reason, however, why association methods should not 
be used to study normal emotional reactions in usual laboratory 
courses. There is still need for simplification of procedure and 
for establishing norms in the interpretation of results before this 
method can be profitably used in academic work. As an aid in 
practice work the Association Frequency Tables for adults by 
Kent and Rosanoff (18: 77-125) and those for children by 
Woodrow and Lowell (33: 33-71) will be found useful. The 
lectures on the ‘‘Association Method ” by C. J. Jung and certain 
exercises in Whipple’s Manual of Mental and Physical Tests 
are instructive for laboratory exercises. 

The method without apparatus consists in having the subject 
respond to a stimulus word by the first word or by a chain of 
words suggested by it. If a number of response words are re- 
quired, it is well that only the instructor should know the re- 
quired number. The value of response words as indices to 
emotional attitudes and complexes may be roughly determined 
by the use of frequency tables already derived and in use, by 
noting the points in the association where blockage occurs, and 
by using the subject’s report (81: 177-179). | 

The association method is more often combined with the use 
of apparatus of one kind or another; chronoscopes, pneumo- 
graphs, sphygmographs, plethysmographs, and the string gal- 
vanometer have all been drafted into the study of feelings in 
connection with the association method. 

In approaching the study of emotions with the object of 
gaining a general view of the subject, it is well to do some 
special work on each of the following topics: 
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a. Make a list of the immediate causes of emotions. 

b. Distinguish as to body location and as to function the re- 
ceptors that give rise to feeling impulses and those that produce 
sensory impulses. 

c. Observe that feelings are conscious experience — very much 
so — and that they have certain striking qualities. 

d. Keep clear the distinction between the action of receptors 
that arouse emotions and the bodily reactions that express 
emotions. 

e. Observe the temporal character of emotions with a view to 
detecting the order in which the several phases appear. 

A careful record kept by the individual student according to 
such an outline will, in connection with the data available in 
texts and magazines, make for surprising progress in this prob- 
lem, often so complex to the beginner in psychology. 


EXPERIMENT 105. To study Feeling: the Response of Humor 
(Individual or Group Exercise) 


Material. Ten humorous cartoons drawn by an artist of national 
repute (select cartoons of as nearly the same size as possible; mount 
them on cardboard of equal size and see that they are mounted 
smoothly) ; record blanks; exposure apparatus made by cutting two 
windows in cardboard, with a space of 2 in. between them, and of 
sufficient size to contain the mounted cartoons. Arrange lateral 
grooves along the lower edge and on the two sides of the windows cut 
in the cardboard. The cartoons for exposure may be dropped in 
the lateral groovesfrom above. Thecardboard, about 22 in. by 28 in., 
is supported firmly in a vertical plane by means of uprights. 

Procedure. Comparison method. By this method S compares every 
one of the ten cartoons with every other, the standard cartoon being 
placed first on one side and then on the other of the compared 
cartoon. The cartoons are numbered from 1 to 10. S should be 
seated comfortably before the exposure apparatus and in a room of 
uniform light. The standard cartoon is placed first on S’s left and he 
is asked in each case of comparison if the standard cartoon is more 
or less humorous than the compared. If he says more, E places a 
plus sign in the row opposite the number of the standard cartoon 
and in the column below the compared cartoon (Fig. 46). If the judg- 
ment is less humorous, E enters a minus sign instead. As soon as 
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judgments have been made with each of the nine compared cartoons, 
the standard is placed on the right and the judgments are entered in 
a second table (Fig. 47). The judgments are always made with refer- 
ence to the standard. 

Results. Subject’s report. This consists of the entries made in his 
two record blanks, samples of which are given in Fig. 46 and Fig. 47. 

The right margin of each table shows the number of judgments in 
favor of each cartoon by adding the plus signs of the rows. The 
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Fic. 46. Comparative judgments of humor in cartoons. Series I, 
standard cartoon on left 


totals at the bottom of each table show the number of judgments in 
favor of a given cartoon by adding the minus signs of the column. 

To compute the number of judgments in favor of a given cartoon, 
find the sum of the four totals, one total of the row and one total of 
the column in each chart; for example, cartoon number 1 in Series I 
totaled 11 points and in Series II, 9 points, or 20 judgments in favor 
of its humor. The ten cartoons with their humor values may be 
arranged as follows: 


Number of cartoom — 5 3) 9... °: lee On Gee oO. 0 bayeco eee ae 
Judgments in favor §..'. .°. 20en 14 415: 21. 16.9 20, 16) 23% "26 


Discussion of results. To what other material may this method 
be applied in the study of feelings? Since the table above shows 
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Fic. 47. Comparative judgments of humor in cartoons. Series II, 
standard cartoon on right 


Total 


the comparative amount of humor in the several cartoons, how 
should you use these numbers to determine the sense of humor in 
the individual? 


READINGS. 28: 241-243; 35: 156-158. 


EXPERIMENT 106. To study the Value of Names of Emotions as an 
Aid to identifying Emotions expressed in Photographs 


Material. Twenty photographs (face, arms, and upper portion of 
body visible); list of names of emotional states (see suggested list 
in the Appendix) ; record blanks. 

Procedure. Divide the class into two groups. Members of Group I 
are required to write the name of the emotional state expressed in 
the picture after the instructor has read a list of names of emo- 
tions. S writes the numbers of the pictures in a vertical column 
and, after studying a picture with the view of determining the emo- 
tional state expressed by it, records the name of the emotion beside 
its number. * 

The members of Group II study the photographs without reference 
to any list of emotional terms and record the names of emotions as 
‘expressed by the photographs. 


Fic. 48 (Part I). See page 312 


Fig. 48 (Part II). See page 312 


Fic. 48 (Part III). See page 312 
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Fic. 48 (Part IV) 


Parts I, II, III, and IV are reproductions of twenty body-face expressions of com- 
mon emotions. These are to be studied according to the direttions and conditions 
governing the experiments of which they form the material 


Results. The instructor or a small committee of students checks 
the results with the key given in the Appendix, and then computes the 
percentage of correct judgments. The individual percentages of the 
members of each group are written on the blackboard in tabular 
form, and the average percentage for each group is calculated. 

Discussion of results. Do the results show that hearing names had 
a decided effect on subject’s identifying emotions as expressed in 
pictures? Give an example from daily life of a similar instance where 
a prerehearsal of names increases the number of correct responses. 
Is it possible to make a correct response to one emotional expression 
of another person and yet be unable to describe the emotion? Do 
animals respond correctly to the emotional expressions of members 
of their own species? to members of different species? Why are 
bodily signs of emotions more readily identified than bodily signs of 
traits of character? Certain emotions expressed by the muscles 


about the mouth, as bitterness, disappointment, or vanity, are termed — 


mimetic because they resemble the taste reactions, respectively, of 
bitter, sour, or sweet substances of considerable intensity. Explain 
how one and the same set of movements have come to express now 
an emotion, now a sensation. 

Inference. Do the results justify a general statement; if so, what? 


READING. 1: 228-231. 
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EXPERIMENT 107. To study the Comparative Value of the Face, Arms, 
and Body in identifying Emotional States (Individual Experiment) 


Material. Twenty pictures, ten with body and face (numbered 
2, 3, 4, 5, 8, 12, 13, 15, 19, and 20, in Fig. 48), and ten with face only 
(lettered H, M, P, R, C, A, E, K, F, Q, in Fig. 49); record blanks, 
each with a vertical column of numbers and another of letters. 

Procedure. Divide the students into two groups. Let the members 
of Group I begin with the numbered pictures and write the name of 
the emotional state after the number corresponding to that of the 
picture. Having completed the numbered series, students of Group I 
now study the lettered series of pictures as above designated and write 
after each letter corresponding to the one on the picture the name of 
the emotion expressed by the picture. Students of Group II proceed 
in the same manner as those of Group I, except that they begin with 
the lettered series and finish with the numbered series. 

Results. The two groups of students now turn in their records, 
duly filled out and labeled for both numbered and lettered series. 
The instructor or a committee of students checks the results with 
the key (Appendix). 

Tabulate the percentage of correct identifications under headings 
‘*“Face-Body”’ and ‘‘Face,”’ respectively, and compute the average 
percentage for each series. 

Discussion of results. What emotion was correctly identified most 
often? What one was most difficult, judged by the small number of 
correct answers? What conclusion may be drawn from the numerical 
results ? 

i Caen keener ayer et ee 


READING. 1: 224, 227. 


EXPERIMENT 108. To study the Classification of Emotions as 
expressed in Photographs (Individual Experiment) 


Material. Body-face pictures given in Fig. 48 and face pictures 
given in Fig. 49. 

Procedure. 1. Study each of the twenty faces given in Fig. 49 
with a view to classifying them according to resemblances in the 
expression of the emotions. Use the letter on the picture to identify 
the face and write the name of the emotion after the capital letter. 
The pictures thus arranged should form a series; for example, sup- 
pose your study of the pictures suggested a “determined” group, 
then the faces might be arranged so as to show a thoughtful face, 


Fic. 49 (Part I). See page 317 


Fic. 49 (Part II). See page 317 


Fic. 49 (Part III). See page 317 
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Fic. 49 (Part IV) 


Parts I, II, III, and IV are reproductions of twenty face expressions of common 
emotions. These are to be studied according to the directions and conditions gov- 
erning the experiments of which they form the material 


an earnest face, a resolute face, a challenging face. See how many 
such groups you can form from the twenty pictures. 

2. Study each of the body-face pictures in Fig. 48 for the purpose 
of classifying them in groups similar to the plan just outlined. 

3. From your study of the characteristics of each of the emotional 
groups more definite information has been secured for identifying, 
as well as for producing, emotional expressions. The present exercise 
requires a more critical and systematic examination of emotional 
expression in order to construct a synoptic table that will show the 
several changes which occur in the parts of the body-face in the more 
common emotions. 

Results. After having formed groups from both series of pictures 
(body-face and face only) check your groups with those given in 
the Appendix. A form for a table is given here (Table XLVIII). The 
headings for the emotions are placed in a horizontal line and the body 
parts involved in the vertical column to the left. Before attempting 
to fill in the blanks of the table the student should study, in addition 
to the pictures of the text, the figures given in Darwin’s Expression 
of the Emotions in Man and Animals, Tables I, II, III, IV, V, VI, and 
VII; Allport’s Social Psychology, Figs. 22A and 22B; Feleky’s 
‘Expression of the Emotions,’”’ Psychological Review, Vol. XXXI 
(1914), pp. 33-41. 
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TABLE XLVIII. FORM FOR ARRANGING SYNOPSIS OF EXPRESSIONS 
OF EMOTION 


CONTEMPT 


ANGER 
AND SNEER 


DEFIANCE FEAR GRIEF JOY 


Brows and fore- 
head 


The information derived from pictures and descriptions should by 
all means be checked and supplemented from the following sources: 
(1) children of all ages, (2) actors and actresses of the stage and 
screen. 

Make a list of useful emotions. 

Discussion of results. What value has the motto ‘‘Keep smiling”? 
In what group or groups of emotions do useless ones appear? May 
an emotional experience have a therapeutic value? Is there any 
physiological basis for the motto ‘“‘Laugh and grow fat’’? for the 
motto ‘“‘Keep your courage up’”’? 

Inference. What conclusion may be drawn from this experiment 
as to the value for purposes of classification of the two types of 
pictures. 

EXPERIMENT 109. To study Anger 


Material. A working outline as follows: 


A. Grades of anger in order of ascending intensity are noted by numbers 
1 to 5, 1 denoting the mildest, and 5 the strongest, anger feelings 
ever experienced by the individual 
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B. Degrees of irritability rated in the same manner from 1 to 5 
C. Record for each case of anger | 
I. Self-rating for irritability 
II. Day of the week; also, as far as possible, hour 
III. Bodily condition 

1. State of health before anger arose rated, as above, from 
1 to 5 

2. Organic state: tired, hungry, active, full of pep, etc. 

IV. Mental condition before anger arose: normal, worried, 
anxious, excited, depressed, etc. 

V. Cause of anger (stimulus) — describe facts briefly; no 
classification 

VI. Reactions in anger 

1. Gross bodily responses: speech, restlessness, all kinds of 
movements 

2. Expressive movements: facial expression, clenching hands 
or teeth, tenseness of body, stamping foot, tears, flashing 
eyes, etc. 

3. Activities of sympathetic system: heavy or rapid breath- 
ing, flushing, rapid heart beat, swallowing, nausea, 
trembling, ete. 

VII. Impulses experienced but not yielded to: to answer back, to 
run away, to cry out, to knock someone down, etc. 
VIII. Duration of anger in minutes (as nearly as possible) 
IX. After-effects: irritation, sadness, worry, disgust, relief, 
tiredness 


Procedure. At a regular meeting of the class in the laboratory the 
instructor gives to each student a mimeographed copy of the outline, 
with instructions to note carefully every case of hts personal anger 
during the week, beginning with that day, and to describe it accord- 
ing to the outline as soon thereafter as possible. He is instructed to 
‘read within the first two days of the week, as an aid in filling out the 
outline intelligently, pages 84—98 and 203-209 of F. H. Allport’s Social 
Psychology; pages 237-252 of Charles R. Darwin’s Expression of the 
Emotionsin Man and Animals ; and pages 182-214 of Arthur I. Gates’s 
Elementary Psychology, or some other chapter on affective reactions 
that is approved by the instructor. These readings, with material 
given in the lecture period, should form the basis for an intelligent 
record according to the outline given. 

Each student is asked to note at the end of the week the corre- 
spondence between the rating he has given himself in irritability and 
the number of cases of anger he has recorded against himself. 

Records should be made plainly and in outline form (a separate 
record for each case) and brought to class at the end of the week, 
presumably at the next laboratory meeting. 
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Results. General treatment. The instructor should obtain from the 
class data for the following: 

1. A frequency table of the strongest and also of the mildest degree 
of anger (the table being placed upon the blackboard as soon as it is 
derived) and a frequency curve. 

2. A frequency table and curve for the distribution of cases among 
days of the week. 

3. A table showing bodily and mental conditions before anger, 
with frequencies. 

4, A table showing causes, with frequencies, better expressed in 
percentage. The causes may now as nearly as possible be divided 
into two classes: (1) thwarting of some activity or desire, (2) thwart- 
ing of self-assertion. The latter may be divided into three groups: 
(a) a defensive action toward persons seems necessary ; (0) an aggres- 
sive reaction toward persons seems necessary; (c) defensive reac- 
tions to things are aroused. 

5. A table of response frequencies containing (1) gross bodily re- 
sponses; (2) expressive movements; (8) activities of the sym- 
pathetic system. 

6. A table of impulses experienced but not yielded to, with 
frequencies. 

7. A table showing duration of anger in minutes, with frequencies. 

8. A table of after-effects, with frequencies. 

In all cases the frequencies of the degrees of anger are given. 

These tables are put on the blackboard as they are derived and 
are copied by the class. They furnish the general material for discus- 
sion and conclusion. 

Discussion of results. What degree of anger is of most frequent 
occurrence? How do the number of anger experiences vary with the 
day of the week? What are the most frequent causes of anger in the 
class? Which general cause appeared to be more important: thwart- 
ing of some activity or thwarting of self-assertion? Which degree of 
anger had the longest duration? the shortest duration? average 
duration? What kind of responses are most frequent? (Note in- 
dividual differences here.) Were there any ‘“‘soft answers’? How 
is anger shown to be connected with organic and mental states and 
functions? What kind of impulses are most frequent? Are these 
native or acquired? What kind (degree) of anger shows most im- 
pulses? What kind of after-effects are most frequent? Compare the 
various degrees of anger as to after-effects produced. 

With what theory of the emotions do these results appear to 
agree best? 
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What is the effect upon the adrenal glands of strong anger, and 
what connection does this have with increased strength in such 
emotion? (See 6) 

Give an argument from the standpoint of hygiene, based on results 
of this experiment, against strong emotional experiences. 

Inference. Express your conclusions in a brief general state- 
ment as to nature, time of occurrence, and frequency of emotion 
studied. 

READINGS. 1: 84-91; 6: 59, 76-79; 7: 237-252; 8: 312-329; 11: 182-— 
214; 12!; 14: 516-591; 17: 442-468; 34: 119-1386. 


EXERCISES 


1. Which sensations may most readily take on affective qualities: 
the organic sensations (pain, kinesthetic sensations, etc., which 
inform us directly as to bodily conditions) or those which give us 
primarily knowledge of the outside world (hearing, sight, etc.)? Can 
you formulate a law of feeling from this? 


2. Can you give any valid reasons for the idea that you can tell 
one’s character from observation of one’s face? Does observation 
of the body as a whole help in this? 


3. Show how emotional experiences may be at the basis of an 
inferiority complex, illustrating by your observation or reading. 


4. What support is given to the James-Lange theory of the emo- 
tions by studies of emotional expression? By calling to mind in- 
stances of strong emotion in yourself, would you vote for or against 
that theory? 


5. Describe the appearance of an angry cat ready to attack an 
intruding dog. 

6. Describe the appearance of two small boys thoroughly enraged, 
just on the point of a fight. 


7. For further illustrations of strong rage, describe 

(a) the appearance of a person you have seen enraged with respect 
to eyes, hands, nose, mouth, teeth, facial muscles, expression of face, 
breathing, general adjustment of body, shoulders ; 

(b) the feelings you have experienced yourself, when in a rage, in 
_ stomach and visceral organs, heart, excretory organs, etc. 
8. Why may one lose control of one’s judgment in strong 
emotion? 


1This experiment has been adapted from Mrs. Gates’s study through the 
courtesy of the Psychological Review Company. 
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9. The play spirit is the spirit of pleasure in an activity based on 
the activity itself. Discuss its importance for the lawyer; for the 
teacher; for the man of business. 


10. Name some mental disorders that come from suppressed 
emotions. 


11. How may the suppression of free speech be connected with 
affective reactions? 


12. Why does rage sometimes bring an unusual strength (11: 
188-191) ? 


13. Why does anger cause indigestion (6: 278-280; 11: 204)? 


14. Give examples of the following statements : 

In moderation affective reactions 

(a) are a tonic, give zest to life; 

(b) aid in education ; 

(c) aid in the physiology of life, in the exercise of normal functions ; 

(d) are at the basis of the cultural values of esthetics ; 

(e) by means of the play spirit, make easier and more effective 
every serious business of life. 


15. If affective reactions were in excess in the five cases in the pre- 
ceding question, what would be your statement in each case? Give 
an example illustrating each one. 


16. The community drive to raise money for educational institu- 
tions, hospitals, and other worthy causes, in which a whole town is 
supposed to be interested, makes the widest possible use of psycho- 
logical principles. When a large body of people are gathered together 
for codperation in such cases, what are some of the activities calceu- 
lated to promote and to continue pleasant affective reactions, such 
as interest, enthusiasm, etc.? Show how they culminate in the final 
day and the victory dinner. 
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APPENDIX 


EXPERIMENT 7A 


TABLE XLIX. CORRESPONDENCE BETWEEN VALUES AND CHANCES 


M. V.p. 
PER ONE HUNDRED 
D. PER CENT OF D. PER CENT OF 
M. V. p. CHANCES M. V. p. CHANCES 
0.1 53 Zan 95 
Oe 56 eo, 96 
0.3 60 2.3 oF. 
0.4 63 rag OF 
0.5 66 2.0 98 
0.6 68 2.6 98 
0.7 71 Za 98 
0.8 74 2.8 99 
0.9 76 2.9 99 
1.0 a9 3.0 99 
1.1 81 3.1 99 
2 83 3.2 99 
3 85 3.3 100 
1.4 87 3.4 100 
£5 88 3.0 100 
1.6 90 3.6 100 
ere ot 3.7 100 
1.8 93 3.8 100 
£9 94 3.9 100 
2.0 9a 4.0 100 


WORDS USED IN EXPERIMENT 45 


SET I SET IT 

. hight, thing 

. seating, teasing 

. smother, thermos 
. stoat, toast 

. dusty, study 


. resin, siren 

. Astor, roast 

. dealer, leader 

. peach, cheap 

. manor, Roman 


oP WD 
nr WD 
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INFERENCES TO FORMAL SYLLOGISMS IN 
EXPERIMENT 108 


SERIES I 
1. All C is B. 6. Some C is A. 
2. Some C is B. 7. Some C is not A. 
3. All A is C. 8. No Cis A. 
4. Some A is not C. 9. NoCisA. 
5. No Cis A. 10. Some C is A. 
. SERIES II 
1. A gopher has chisel teeth. 
2. Some Yankees use trowels. 
3. All turtles have protection. 
4, Some blacksmiths are not aviators. 
5. No woman is a member of the Boat Club. 
6. Some good marksmen are members of the Boat Club. 
7. Some chances are not taken by farmers. 
8. No brokers are farmers. 
9. No brokers are farmers. 
10. Some lovers of nature are good observers. 


ANSWERS TO EXPERIMENT 104 IN REASONING 


. 30.5 02. 

9° Fahrenheit. 

Forty-five trials. 

Midway point. 

. a. Train A divides into two halves. 

. Engine A pulls first section of train A onto switch. 

. Train B, running on main track, passes first section of train A. 
. Engine A pulls first section of train A off switch onto the main 
track. 

e. Engine B couples with second half of train A and backs train B 
over the switch until it has placed the second half of train A on the 
switch. 

f. Engine B pulls train B past second half of train A. 

g. Engine A backs the first section of train A and couples with 
second section of train A, ete. 


HGS Sor WDE 
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ARRANGEMENT OF PHOTOGRAPHS EXPRESSING EMO- 
TIONAL STATES IN EXPERIMENTS 106, 107, 108 


NAME OF GROUP 


I. Anger Group 


II. Fear Group 


III. Joy Group . 


TV. Egoistic Group 


V. Grief Group . 


ORDER OF PICTURES 


NOVRARSNOREMAOOQWUA DD 
°o 
bar] 


or 12. 
or 19; 
or Ld: 
Ore: 
or 10. 
or 9. 
Orel 
or 20. 
or 8. 


Contempt 
Sneering 
Defiance 
Anger 
Amazement 
Surprise 
Horror 

Terror 
Knowing smile 


2. Coquetting 
3. 
5 
6 


Winning smile 


. Laughter 

. Haughtiness 
OPaie 
or 14. 
or 11. 
or 18. 
or 18. 
or 1; 
or 16. 


Vanity 

Pouting 
Perplexity 
Serious thought 
Pensive thought 
Penitence 

Grief 


LIST OF WORDS NAMING EMOTIONS IN 
EXPERIMENT 106 


joy 
delight 
gladness 
glee 
happiness 
contempt 
ecstasy 
cheerfulness 
rapture 
pity | 
sneering 
amusement 
laughter 
winning smile 


vanity 
pouting 
perplexity 
disdain 
scorn 
disgust 
haughtiness 
tenderness 
anger 

fury 

rage 
antipathy 
repugnance 
defiance 


hate 
sourness 
ferocity 
grinning 
grief 

sorrow 
sadness 
despair 
despondency 
pensiveness 
penitence 
humility 
meekness 
serenity 


surprise 
wonder 
admiration 
timidity 
dismay 
anxiety 
fright 
dread 
horror 
terror 
determination 
hesitation 
amazement 
agony 
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Accommodation, 185, 186. The al- 
teration of the curvature of the 
lens in order to focus light rays on 
the retina as distance changes. 

Adaptation, 62, 73, 85. An advan- 
tageous condition of the individual 
in reference to given stimuli or 
conditions, — usually an altera- 
tion in the receptor which de- 
creases the intensity of the 
sensation. 

#Esthesiometer, 69, 70. An instru- 
ment for measuring the difference 
threshold of touch sensation. 

Affection, 300, 303. The pleasant or 
unpleasant aspect of a conscious 
reaction. 

Afferent nerve, 23, 25, 26, 58, 60, 
132. A neurone conducting a 
nerve impulse from a _ receptor 
toward the central system. 

After-image (or after-sensation), 7, 
62, 91, 92, 98. A sensation which 
appears after the stimulus has 
ceased. 

Ambiguous figure, 167, 170. Any 
picture or geometrical figure that 
apparently changes shape when 
gazed at. 

Anabolic changes. Chemical changes 
which build up the body tissues. 
Apperception, 1038. A total reaction 
fitting a new experience into a 
former type of its kind, — often 

perceptual interpretation. 

Array, 32. A distribution of scores, 
marks, or values in an ascending or 
descending order of magnitude. 

Association, 28, 129-133, 140-157. 
The manner in which stimulus is 
connected with response; definite 


arrangement of pathways, so 
called, between brain centers ; defi- 
nite order in which ideas appear 
together or in succession. 

Ataxia, static, 51. Marked unsteadi- 
ness of body and head in efforts 
to stand still. 

Ataxiagraph, 51, 52. An instrument 
for measuring ataxic movements. 

Attention, 27, 102-106, 110-121. Ex- 
ploring, selecting, and adjusting 
activities whereby cognitive proc- 
esses become conative. 

Attitude, 15, 100-103, 104, 107. A 
relatively permanent neural pat- 
tern that determines the character 
of responses in more or less disre- 
gard of the stimuli. 

Attribute of sensation, 59, 61-62. 
An integral property characteristic 
of a sense mode: quality, inten- 
sity, clearness, ete. 

Autonomic system. Neurones and 
ganglia that control the visceral or- 
gans and other internal organs and 
connect them with brain and cord. 

Average deviation, 33, 38, 190. The 
average of the sum of the differ- 
ences between each score and the 
average score. 

Awareness, 23. A term applied to all 
conscious responses. 

Axon. The fiber that normally con- 
ducts a nerve current away from 
the cell body. 


Behavior, 3. Motor and glandular 
responses made in the interest of 
the individual as a whole. 

Behaviorist, 15. One who studies 
psychology by observing visceral, 
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glandular, and neuromuscular re- 
actions. 

Binocular vision, 177, 182. Normal 
visual response to the combined 
sense impression of both eyes. 

Blind spot, 190, 192. An area on the 
retina, where the optic nerve en- 
ters the eyeball, void of rods and 
cones. 

Brightness, 63, 87, 94. Sensations of 


light without color; achromatic 
light. 
Catabolic changes. Destructive 


chemical changes in the body 
tissues. 

Choice time, 28, 35. The duration 
between the presentation of one of 
several possible known stimuli and 
the making of a known response 
correlated with it. 

Chronoscope, 36, 41, 149, 156. An 
apparatus for measuring time re- 
lations of psychophysical  re- 
sponses. 

Ciliary muscles, 186. Two systems of 
muscle fibers connecting the cho- 
roid coat with the cornea. 

Coefficient of reliability, 38. The 
ratio of the difference between the 
averages of two series to the mean 
variation of that difference, or 
the probable error of the differ- 
ence. 

Cognition, 28, 35. The experience of 
meaning arising from the external 
senses. 

Color blindness, 90. A congenital de- 
fect in color vision, which results 
in the mistaking of certain hues 
for gray, and the inability to dis- 
tinguish between certain other 
hues. 

Complementary colors, 93. Two hues 
which when combined produce 
gray; in this case extremes of 
brightness (black and white) are 
complementary. 
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Conation. The volitional aspect of 
experience ; desires, impulses, 
urges, often culminating in motor 
or glandular activity. 

Concept, 281, 288. A generalized 
thought reaction having a mean- 
ing of universal reference aroused 
by a particular object or symbol. 

Conditioned reflex, 1381. An old re- 
sponse to a new stimulus, made 
by connecting the latter to a bio- 
logically adequate stimulus. 

Confluxion, 193. Confusing some- 
thing in the surroundings of an 
object with the object itself. 

Consciousness, 15, 28, 25, 129. See 
Awareness. Focal, 104: the clearest 
portion of the conscious field at 
any moment. Marginal, 104: the 
less clear portions of the conscious 
field at any moment. 

Constant error, 210. A tendency to 
err in a certain direction from the 
actual magnitude. 

Contiguity. Association, 129, 140: 
the association of discrete objects 
that were experienced together or 
in immediate sequence. 

Contrast. Temperature, 73: altera- 
tion in the intensity of warm or cold 
sensations due to adaptation to a 
different degree of temperature. 
Visual, 129: the effect of the visual 
after-image when projected upon 
a chromatic or an achromatic field. 

Convergence, 178, 183, 186. The ad- 
justment of the two eyes so that 
light rays from the same object 
fall upon corresponding points of 
the foveas. 

Corresponding points, 179, 184. Geo- 
metrically similar points on the 
two retinas which would coincide 
if one retina were superimposed 
upon the other. 

Cutaneous senses, 64. Those senses 
having receptors in the dermal 
layers. 
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Defense reactions. Any kind of re- 
action made to justify an enforced 
social situation or to compensate 
for a real or imaginary defect. 

Desire, 321. An innate or acquired 
attitude, always accompanied by 
feeling-tone, characterized by 
striving toward a particular end. 

Difference. Just noticeable, 63, 81, 
87: the amount of difference be- 
tween paired stimuli which is first 
sensed in a series of increasing 
difference. Just unnoticeable, 24: 
the amount of difference between 
paired stimuli in a series of de- 
creasing difference which is first 
not discriminated. 

Discriminative time, 24, 28,34. The 
duration of time between the pres- 
entation of one of several possible 
known stimuli and making a pre- 
arranged response. 

Disparate points, 179. Geometrically 
dissimilar points in bilateral or- 
gans of the body. 

Disposition, 302. A decided tendency 
to make characteristic reactions 
combined with permanent emo- 
tions. 

Dorsal, 67. Toward the back of the 
body. 

Dream, 195. A chain of incoherent, 
implicit, and largely pictorial con- 
scious reactions occurring in sleep. 
(NoTE. An unconscious dream is 
an impossibility.) 


Effectors, 14, 182, 205. Muscles and 
glands into which efferent nerves 
discharge impulses. 

Efferent nerves, 24,26. Motor neu- 
rones that transmit impulses from 
the central system to muscles and 
glands. 

Emotion, 302-321. A conscious re- 
action aroused by the stimulation 
of systemic and kinesthetic re- 
ceptors. 
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Empirical knowledge, 2. Organized 
experience from the stress of cir- 
cumstances and apart from scien- 
tific theories. 

Endocrine glands. Glands whose 
function is to elaborate and 
secrete hormones directly into 
the blood. 

Environment, 13, 208. Any object 
or force that acts from the outside 
upon an organism. 

Error, 10,¢71,. 75; 81, 174, 190A 
false reaction, or one that varies 
from a correct action; an inaccu- 
rate judgment or perception. 

Explicit response, 280, 286. A mani- 
fest form of response observable 
without instruments. 


Fatigue, 62, 66, 78. A feeling due 
either to toxic conditions or to the 
fact that the outlet of energy ex- 
ceeds the intake in overworked 
body tissue. 

Feeling, 3, 15, 103, 128. A conscious 
experience in which affection is 
more prominent than the sensa- 
tion involved. 

Fixate, 91, 167, 180. To look steadily 
at a fixation point. 

Fixation point, 170, 180. An objec- 
tive point steadily gazed at. 

Fluctuation of attention, 105, 114. 
A rhythmic appearance and dis- 
appearance of a sense perception 
under a constant minimal stimula- 
tion of a receptor. 

Forgetting, rate of, 233, 241. Failure 
to recall learned material increas- 
ing by definite ratios with the lapse 
of time. 

Fovea, 179. A depression in the yel- 
low spot of the retina near the 
rear mid-point of the eyeball; the 
point of clearest vision. 

Fusion. Binocular, 98, 96, 181, 184: 
the process of combining two ret- 
inal impressions made by the 
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same object into a single con- 
scious reaction. Tonal, 85: the 
modified effect of two or more 
tones when sounded together. 


Genetic method, 16, 303. A study 
of the origin and development of 
psychophysical responses as they 
appear in growing individuals. 

Gland, 303, 304. One cell or a group 
of many cells which elaborate cer- 
tain materials and then secrete the 
product for the use of the organism. 

Gray, 87, 91, 94, 96. A sensation re- 
sulting from mixed light stimuli of 
all wave lengths in which no one 
length predominates. 


Habit, 3, 10, 28, 182, 198. A more 
or less permanent connection 
formed between a receptor and an 
effector by practice and training. 
The permanent connection con- 
sists in decreased resistance in the 
system of neurones involved. 

Hallucination, 162, 195. The mistak- 
ing of a centrally aroused imag 
for a perception. 

Hedonistic, 303. Relating to feeling. 

Histogram, 148, 149. A graphic rep- 
resentation of a frequency distri- 


bution by means of a frequency 


surface divided into rectangles. 


Idea, 29, 104, 138, 146. An image 
increased in meaning but with less 
pictorial content. 

Illusion, 7, 162, 189, 197. A false 
perception; an error in interpret- 
ing peripheral impressions. 

Image, 91, 129, 176, 180, 184. Cen- 
trally excited mental activity, 
usually representing a concrete 
object. 

Imaginal type, 244. The predomi- 
nant kind of sense reaction that 
forms the image, — auditory, vis- 
ual, ete. 
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Imagination, 129, 243. The combin- 
ing of images of different experi- 
ences into a new form of implicit 
reaction. 

Implicit reactions, 3, 282. Conscious 
reactions centrally aroused by a 
substitute stimulus, the object of 
the reaction being absent. 

Impulse. Conscious, 319: an ener- 
getic mental process pressing for 
expression. Nervous, 23, 24,60: a 


special kind of physiological change’ 


propagated along a neurone, 
aroused by stimulation. 

Inference, 284. A general statement 
of a meaning common to a num- 
ber of facts; a perception of a re- 
lation between two judgments. 

Inhibition, 25, 68. The blocking of 
a neural pathway so that the prog- 
ress of the nerve impulse is 
checked ; the shunting off of exci- 
tation to a motor neurone. 

Innate, 46, 60, 128,181. Belonging to 
the attribute of an organism (neu- 
ral, motor, glandular, etc.), deter- 
mined by properties resident in 
the germ cell from which it devel- 
oped. 

Integration, 14, 123, 282. The proc- 
ess whereby the central nervous 
system unifies and codrdinates the 
separate systems and organs of 
the body into a unitary individual ; 
functional integration stamps in- 
dividuality upon all parts involved 
in a reaction. 

Intelligence, 24, 203. ‘*The capacity 


to do the right thing under given 


circumstances’; it consists in the 
appropriateness of reactions. 

Introspection, 6. Asystematic obser- 
vation of one’s conscious processes 
under standard conditions. 

Irritability. The property of re- 
sponding to stimuli; it is pos- 
sessed by nervous tissue in the 
highest degree. 
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Judgment, 75, 284. A perception of 
a relation between two stimuli, 
either implicit or explicit, or one 
implicit and the other explicit; 
a thought process in which two 
concepts are combined. 


Kinesthesis, 26, 74, 243. Sensations 
aroused by the stimulation of 
receptors confined to muscles, 
tendons, and joint surfaces; it is 
fundamental to the perception of 

“ movement. 

Knowledge, 62. Information and 
experience organized according to 
some purpose or theory; the 
orientive form of experience. 


Learning, 201-237, 203. The process 
of modifying the individual’s re- 
sponding mechanism in the in- 
terest of new or more effective 
responses. Types: sensorimotor, 
as in learning to copy a figure; 
motor-skill, as in learning type- 
writing ; association, as in learning 
dates and events; rational, as in 
learning to perceive implicit re- 
lations. 

Local sign, 171. A supposed quality 
of tactual and visual sensations 
which serves to indicate what 
particular point on the retina or 
the skin is stimulated. 

Localization, 72, 85, 171. The per- 
ception of the space position of a 
stimulus in relation to self. 


Marginal consciousness, 61. Proc- 
esses in any moment of con- 
sciousness having a minimum of 
vividness. 

Masson disk, 144. A white card- 
board disk having along one radius 
a succession of black lines of equal 
width and length; it is used to 
study fluctuation of attention. 

Maze, 229, 230. An apparatus, rec- 
tangular or circular in form, con- 
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sisting of an intricate pattern of 
runways (walled), including blind 
alleys, with only one runway lead- 
ing to the goal, or exit; it is used 
to study the learning capacity of 
animals and of man. 

Mean variation, 33, 38.. Average of 
sum of differences between indi- 
vidual measures in a series and 
the average of the measures. 

Mechanism, 3, 13, 28, 62. Neuro- 
muscular or glandular organiza- 
tion that responds to peripheral 
or central stimulation. 

Median. Measure or score, 32: that 
point in an array of measures on 
each side of which one half of the 
measures fall. Plane, 35: the plane 
that divides the body longitudi- 
nally into symmetrical halves. 

Memorizing, 2538-255, 272. The 
process of learning subject matter 
with a view to complete recall, 
either verbatim or as to meaning. 

Memory, 132, 240-248, 245, 260-262. 
The recognition of a reinstated ex- 
perience as one’s own. Primary: 
the continuation of a conscious 
reaction after the stimulus has 
ceased. Secondary: thereproduced 
experience of which meantime we 
have not been conscious. Span: the 
number of discrete objects retained 
and expressed before or at the close 
of the primary memory period. 

Method of minimal change, 63, 86. 
A psychophysical procedure deter- 
mining the least difference that can 
be perceived between two given 
stimuli; both may be equal at the 
start and one changed gradually 
until a difference is apparent. 

Mimetic movements. A group of 
responses made by lips, tongue, 
and face in an emotional reaction, 
which are similar to the responses 
made by the same muscles to 
special sense stimuli. 
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Mode. Measure, 32: The measure 
in a series of marks or scores that 
most frequently occurs. In sen- 
sation, 62: all sense reactions ex- 
cited by the same type of receptor. 

Monocular, 179, 182. Pertaining to 
all visual reactions made by the 
stimulation of one eye. 

Motor attunement, 79. A neuro- 
muscular condition or ‘‘set’” due 
to repeated responses to the same 
stimulus to which the nervous 
discharges become graduated and 
at the same time ill-attuned to a 
stimulus of different intensity. 

Movement, 21, 24. A coordinated 
action of many muscles working 
toward an end. Voluntary, 47-50. 
Involuntary, 51-54. 


Nervous arc, 25. A chain of neurones 
that transmits a nerve impulse 
from a receptor to an effector. 

Nervous system, 25. The integrated 
organization of theneurones where- 
by every part of the body is con- 
nected with every other part and 
made to function as a unitary 
whole. 

Neuromuscular. Formed by an 
axon and a muscle functionally 
united in a muscle plate.. 

Nonsense syllables, 184, 256, 258. 
Words void of meaning, usually 
formed by a vowel with a conso- 
nant on each side. 


Paradoxical cold sensation, 72. A 
sensation of cold aroused by the 
application of a hot stimulus to a 
cold receptor. 

Perception, 160-200. A conscious re- 
action to a definite object or to a 
particular object present to the 
receptors. 

Perceptual pattern, 162. An inte- 


grated system of neurones deter- - 


mining the perceptual response. 


Perimeter, 88. An apparatus for 
studying the reactions of the 
periphery of the retina when 
stimulated by chromatic light. 

Perseveration, 222, 239, 243. A tend- 
ency of an experience to return 
unbidden and momentarily to con- 
sciousness, sometimes with more 
or less regularity. 

Personal equation, 22, 56. The error 
that occurs when an individual at- 
tempts exact measurements of any 
kind; it is peculiar to the individ- 
ual and must be determined and 
allowed for whenever accurate 
results are desired. 

Physiological. Limit: the point at 
which further learning or acquisi- 
tion of skill ceases because of the 
incapacity of the neuromuscular 
system to respond any faster. 
Zero, 73: the temperature condi- 
tion of a part or of the whole body 
to or from which no heat flows. 

Plateau in learning, 227. A tempo- 
rary check in the rate of learning. 

Preperception, 166, The anticipa- 
tion of a perception by means of 
an idea or image more or less like 
the object. 

Pseudo-attributes, 61. Properties of 
certain sensations but not an in- 
tegral part thereof; for example, 
after-image, contrasts, duration. 

Psychophysical methods, 64, 205. 
Methods used to determine quan- 
titative relations between stimulus 
and sensation. 

Purkinje phenomena. An increase 
in the brightness of blue hues and - 


a decrease in the brightness of red — 


hues in twilight. 


Rational, 280. Having the capacity 
to think and act in a purposeful 
and consistent, manner. 

Reaction pattern. An _ integrated 
system of neurones in the brain 
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centers producing characteristic 
responses. 

Reaction time, 25. The time inter- 
val between stimulation and re- 
sponse. 

Reasoning, 15, 280-299. Organizing 
and controlling previous experience 
in the interest of forming a plan 
of action or for solving a problem. 

Recall, 245. A conscious reinstate- 
ment of images, ideas, or concrete 
experiences, or the reaction in 
which previous sense experience 
becomes conscious. 

Receptor (sense organs), 14, 62, 205. 
Specialized cells at the peripheral 
end of a nervous arc having the 
capacity to change a particular 
kind of stimulus into a nerve 
impulse. 

Recognition, 129, 240, 251. The 
identification of an image, object, 
or idea with the time, place, and 
circumstance in which the original 
experience occurred ; or a response 
aroused by explicit or implicit 
stimuli and largely similar to the 
first response to the same stimuli 
and accompanied by a “‘feeling of 
familiarity,” so called. 

Reflex arc, 26. A nerve path or chain 
extending from a receptor to an 
effector and composed of sensory 
association and motor neurones. 

Resistance, 76,77. A sensation aris- 
ing from the stimulation of joint 
and muscle receptors, spindle cells, 
so called. 

Rote learning. Memorizing mean- 
ingless subject matter or material 
not understood by the learner. 


Sensation, 60-99. An elementary 
conscious impression aroused by 
the stimulation of a receptor. 

Sense experience, 163, 164. A con- 
scious reaction to peripheral stim- 
ulation. 
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Sense mode, 62. All sense experience 
aroused by stimulating the same 
type of receptors, as taste mode, 
visual mode, etc. 

Sensorimotor action, 205, 208. A 
stereotyped form of action follow- 
ing upon familiar sense stimuli. 

Sensory circle, 69. A circumference 
on the dermal surface within which 
any two simultaneously stimu- 
lated points are perceived as one. 

Sentiment, 3802. A conceptual reac- 
tion accompanied with more or 
less feeling-tone; the reaction of 
an attitude to a situation or ideal. 


Size-weight illusion (De Moor), 195. 


Of two objects unequal in size, but 
equal in weight, the smaller is 
judged the heavier. 

Skill, 211. Habits and attitudes in- 
tegrated into a mechanism capable 
of a more or less superior per- 
formance. 

Sound cage, 174. An instrument for 
measuring the accuracy in the 
localization of sound. 

Span of attention, 118, 121. The 
number of discrete objects one 
may attend to in a moment of 
time. 

Stereoscope, 111. An apparatus by 
means of which two slightly un- 
like pictures seen by the two eyes 
are perceived as one and show 
depth. 

Stimulus, 3, 23. Any force that ex- 
cites a nerve impulse or current. 
Pattern : anumber of unrelated or 
heterogeneous objects capable of 
being perceived as an organized 
whole. 

Summation, 69, 85. The total ir- 
fluence of several stimuli produc- 
ing a sensation that no one alone 
would produce. 

Subordinate, 152. The relation of 
genus to species; for example, 
canine, hound. 
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Supraordinate, 155. The relation of 
species to genus; for example, 
trout, fish. 

Sympathetic system. The middle 
division of the autonomic system. 

Synapses, 131. The points of con- 
tact of axones and dendrites. 

Systemic senses. Senses the re- 
ceptors of which are located in the 
body and in the viscera; for ex- 
ample, hunger, nausea. 


Tachistoscope, 115, 116, 185, 186, 
143, 144. An instrument for mak- 
ing brief visual exposures, a frac- 
tion of a second or more. 


Tactual space, 170. A spatial order . 


developed from touch experience 
or sensation. 

Threshold. Of sensation, 166, 181: 
the point at which, with increasing 
intensity of stimulation, a sensa- 
tion is first perceived. Of discrim- 
ination or difference: the point at 
which, with increasing difference 
of intensity between two stimuli, 
their difference is first observable 

Touch spots, 67. A term applied to 
touch receptors in the dermal sur- 
face. 

Trait, 312. A differentiated struc- 
ture or function sufficiently marked 
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to be distinguished from other 
forms and functions; for example, 
structure, Hapsburg lip; function, 
grasping of infant. 

Transfer in learning, 223, 227. The 
process whereby the skill or infor- 
mation acquired in a given field of 
learning favorably affects the rate 
of learning in a different field (sub- 
ject matter). 

Trial and error, 203. A method of 
learning marked by random and 
varied attempts in which chance 
successes are gradually selected 
(learned) and the unsuccessful 
efforts slowly eliminated. 


Vernier, 42. A device, either a short 
sliding scale or a short pendulum 
adjustable to the graduated units 
of a larger scale of its kind, for 
measuring fractional parts of the 
units on the large space scale or 
time scale. 

Visual field, 179. The area in space 
from which light rays are received 
into both retinas (larger than the 
horopter); that is, it includes the 
fields of both monocular and bin- 
ocular vision. 

Volar, 171. The palmar side of the 
hand, wrist, or forearm. 


Norte. A few words not used in the text are defined in the glossary, as they often 
occur in the assigned reading to experiments. 


MANUFACTURERS OF SUPPLIES AND 
EQUIPMENT 


The following are some of the houses which furnish equip- 
ment and supplies for use in psychological laboratories : 


Bausch & Lomb Co., Rochester, New York. Optical goods, bal- 
opticons, lenses, etc. 

Central Scientific Co., 345-359 West Michigan Street, Chicago, 
Illinois. Biological apparatus and supplies. 

Eimer & Amend, 205-211 Third Avenue, New York City. Labora- 
tory apparatus, chemicals, and drugs. 

Harvard Apparatus Company, Back Bay Post Office, Boston, 
Massachusetts. Physiological apparatus. 
Kny-Scheerer Co., 404-410 West 27th Street, New York City. 
General laboratory supplies, chemicals, importers of models. 
Marietta Apparatus Company, Marietta, Ohio. Psychological 
equipment. 

C. H. Stoelting Company, 424 Homan Avenue, Chicago, Illinois. 
Psychological apparatus, mental and educational tests. 

World Book Company, Yonkers-on-Hudson, New York. Mental 
and educational tests. | 
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